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ATLANTIC TYPE FAST PASSENGER LOCOMOTIVE. 





PENNSYLVANIA RAILROAD. 





Class E 1, 





(With an Inset.) 





The highest development in passenger locomotives on the 
Pennsylvania and probably the best example of painstaking 
design is the Class E 1, Atlantic type, of which three were 
built last year at the Juniata shops, Altoona, and put into the 
Atlantic City service last summer. These engines won the 
admiration of one of our best-known locomotive builders, who 
recently referred to them as “‘the best workmanship ever put 
into locomotives in this country.” They are more noteworthy, 
however, as representing a design the object of which was 
to secure the highest possible speeds in very fast passenger 
service of a special character and to develop the maximum 
Capacity of the single-expansion engine in this work. It is 
hot believed that the ultimate has been reached and, while 
the type in its present form may not become a generally adopt- 
ed standard, its success seems likely to exert a marked influ- 
tice on future design on this road and to have a tendency 
0 bring about a change of opinion with reference to boiler 
‘onstruction and the design of details on other roads. 

The hecessity for burning a large amount of fuel, whether 
anthracite or bituminous, was recognized, and to do this with 
Teasonably low rates of combustion, large grates were used. 
The grate area is nearly 70 square feet, which appears to be 
umple for the conditions to be met, and experiments are now 
being made by blocking off portions of the grates to show 
Whether or not this may be reduced in future construction 
NM order to secure a cab arrangement which will bring the 
‘igineer and fireman together. The large grates have already 
thown the advantage of flexibility in ‘the selection of coal and 
the importance of large grate areas in obtaining great power 
lor relatively long periods. We believe that locomotives have 
lever been designed with greater care than these. This was 
tte to the Pennsylvania way of working and to the special 
attention Which was required by the radically new features 
I their practice in this case. The details of construction, 
Size and form of the steam passages and the study of the 
"Motion are specially interesting features, all of which, 


added to the boiler power, contribute to the satisfactory per- 
formance. 

The engines were intended specially for the Atlantic City 
service from Camden to Atlantic City, and with trains of about 
300 tons the engineers state that they have not yet reached 
speeds at which the boilers failed or showed signs of failing 
in steaming capacity. March 29, last, engine No. 820, the one 
we illustrate, hauled 7 cars from West Haddonfield to the 
Atlantic City drawbridge, 514% miles, in 47 minutes, an average 
speed of 65.7 miles per hour. The distance from Hammonton 
to the drawbridge, 27.4 miles, was covered at the rate of 74.7 
miles per hour. The same run was made last July with 
engine No. 698 with a train of 8 cars and the dynamometer 
car, the combined weight of which was 308 tons, at the same 
average speed. The average drawbar pull was 4,130 pounds 
and the drawbar horse-power was 822, as measured from the 
dynamometer. The maximum speed with this train was 
79.9 miles per hour. These records were made in regular 
service and not with a view of showing the limits of speed; 
these have not been reached and are not required by the 
present schedules. It may therefore be said that the capacity 
for high speed is not yet known. The schedule for last year 
called for an average speed of 63.6 miles per hour from Cam- 
den to Atlantic City, 58.3 miles, and there was not the slight- 
est difficulty in making it. 

On page 22 of our January number of the current volume 
we printed a general description of these engines and now 
present the most interesting of the details. The principal 
dimensions are as follows: 

PENNSYLVANIA R. R, 
Class E 1, Atlantic Type, 


Weight on truck in working order...............cscceceseeesees 38,125 Ite. 
Weight on: firet’ stir: OF -GrivOre... isis cccicccsdccvécccéesudeces 50,250 Ibs. 
Weight on second pair of drivers......... ccccssccecvcesecevcss 51,300 lbs. 
Weolgnt Cnr CEMRII: WINN as a inde cacveccvesccdcccscbupiesccupegaden 33,775 Iba. 
Weight on engine in working order...........2......0ceeeceees 173,450 Ibs. 
Tractive power per pound Of M. €. P.......cecccesccecscecccevcvcceces 36.6 
Tractive power with e.m.p. equal to 4/5 boiler pressure ...... 20,214 
Number of pairs of driving wheels.................cccccccccceeceecsecuse 2 


Dismeter Ol GEIVIIE WUD is vccciccccccccdecccstnbsacckivecbenveaub ieee 
Size of driving axle journals... 
Length of driving wheel base.. 






TOtAl WROGE DAMS CC QRIIIOS oi.cik os dcccs ccciccscenwaasnctecaes : 
Total wheel base of engine and tender................. sce 50 ft. in. 
Number of wheels in engine truck................ccccccvcccevecccessscee 4 
Diameter of wheels in engine truck.................ccccccececcccees 36 in. 
Size of engine truck axle journals................cccceceees 5% by 10 in. 
Swreads: OF CHM csc skis i wiavectccaccicoccdctsdacsutbescusaumeane ba in. 
Ey Sn PTE wbx Rh belchabbicdcctcntgundsuacisacaeeae 20 in. by in. 
OE OREN cri os camkacchccdetandes is comes. vec ssacdccemsboawt 1% in. by 20 in. 
RE OO 50.2 cb wide nas Shae ban h soc 5s ckdesors bbe aieate 3 in. by 20 in. 


TROL CE PUNO ans dda os kcas Mdeei anne cine v bnticcs ecetsgenstahaceeeaueaeen 7 in, 
EAD OF VOU oid de dedsdasarcddikas cactvceec cob estcvesigelas: dames ae 

TOMS OF OR ok hak thnreeiccdnnss cvcsaninsah oc 
Minimum internal diameter of boiler 





Number OF tee... .ceccrccicciccevccsece covesevcscescnsevesevencecesas + +303 
Oubtidle Gaara OE Ce foi in Sac ncccsccdaicicicssgccabedgesuass 134 In. 
Length of tubes between tube sheets.............cscccceccnseees 156 in. 


Fire area through tubes, square feet.............ccccccccccecsccsces 4.5 
Sime. OF BODO, SMO. 6 sins cid osics cedecccocccctstensctaee 102 in. by 96 in. 


Fire grate area, square feet............cccececeeee eoecee PE AEN EES 68 
External heating surface of tubes, square feet.............cce0eee 2,102.4 
Heating surface of firebox, square feet..............ccccccccccececeee 218.0 
Total heating surface of boiler, square feet.................eeeee 2,320.4 
Steam pressure per square inch, pounds................ccceeeeeceecees 185 
Number of ‘Wheels wer: TOMO se. co voc ccc cs cdanece’s cosccaccucuconueued 6 
Diameter of wheels under tender... ............. cece cee cececccnscncs 42 in. 
Size of tender truck axle journals...............0..cseeee- 5 in. by 9 in. 
Boiler. 


The boiler, which is 65% in. in diameter at the front end, 
is straight on top and combines a wide firebox and a com- 
bustion chamber with Belpaire staying. This method of stay- 
ing is a favorite on this road, although it has been departed 
from in later designs in order to save weight and space in 
the cab. The firebox is 8 ft. long by 8 ft. 6 in. wide, which 
is believed to be the widest grate ever used. There are two 
fire-doors; one would not permit of firing such a wide grate. 
The combustion chamber is 3 ft. 3 in. long and is flat on top 
and bottom. Large water spaces are provided around the com- 
bustion chamber and particularly under it, where the opening 
is about 8 in. deep. The combustion chamber outside sheet 
has cross stays bearing on bosses made by flanging the sheet 
outward as shown in Fig. 5. There are seven of these stays 
fitted with copper washers and cap nuts. The combustion 
chamber is separated from the firebox by a brick bridge wall. 
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Fig. 3 * 


The tubes, 353 in number, are 1% in. in diameter, 13 ft. 1 in. 
long, which is a ratio of 104 calibers inside, and 86 outside. 
About 90 calibers was desired. The heating surfaces, weights 
and thicknesses of sheets are as follows: 






External heating surface of tubes.....................000005 2,102 sq. ft. 
Heating surface, firebox and chamber.....................2. 218 sq. ft. 
BR ee 2,320 sq. ft. 
Se I SUES NUNEIOB ooo abv cc co oi sb acsses Caccencaeeen neuen 4.5 sq. ft. 
UE SUDUNIT OF OUIOP. oo ci iis oes nc dois sews caed epee eins ee 37,494 Ibs. 
WOURRC OL TUNG. sc ecs cco sie ies i ae : 3 
IRIN OE DIDI MMOOUE cis. oes 5 en eo vce saan chveceum cineu peas 
eB Ss EPR Fee Ors Pee rete PPO e ee ere ms Can 5/16 in 
NERDS GOL RINMP PTD UNDOEG oes ois ic axe oi ono cos ood vias vaddavantndinwines in, 
Kkness of outside roof sheet.............0...ccccceaveudseets wae ad 36 in. 
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The sheets are thin and they should therefore | 
to favor the durability of the staybolts, ‘Nixon’ 
used at the points marked with crosses in Fig. 2. 
head has outward flanging and is stayed with r 
to the head by means of feet of steel plate made i! 
' These act as gussets and their flanges stiffen the sh 
the diagonal stays cross the laterals, the laterals < 
to avoid interference. The mud ring is 4 in. wide « 
and sides, reduced to 3% in. at the back end. The « 
is continuous, extending in a single plate from th 
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yds secured 
1 box form. 
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ire doubled 
Lt the front 
rown sheet 
. back end 


of the firebox to the front end_of the combustion chamber, 


the roof sheet being made in the same way.* The 
is 12 ft. 3 in. long and the length of the crown sh 
5 in. The dome is cylindrical with a curved dome 
Grates and Ash Pan.—The grates are in four s< 
with a separate shaking bar at the back head. 
are straight across the back end with a dip towar 
increasing in depth toward the front. They are 
at the sides by castings bolted to the firebox sheet: 
in Fig. 8. These castings also extend across the 
back ends and carry the longitudinal central b° 


roof sheet 
et is 11 ft. 
saddle. 
ions, each 
The grates 
the center, 
supported 
., as show? 
front and 
aring bare 
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Which are supported at the center of the firebox by the cross 
bearing bar. The grate bearing castings make tight joints 
with the firebox sheets against asbestos rope and they extend 
below the grates to carry the ash pan. The ends of the grate 
bars have sockets fitting over projections on the bearers in 


such a way as to protect the bearings from accumulations of 
ashes. The cross bearer is lipped over a boss forged on the 
der side of the mud ring and acts as a lateral brace at the | 
center of the firebox as seen in Fig. 11. This figure also shows 


the bonnet placed over the end of the cross bearer where 


| passes through the ash pan. The grates have about 50 per 


it 7° 





tent. of air space and are intended for both anthracite and ae Bae 
; bituminous coal. ~ Bel 
The ash pan is of %-in. tank steel put together with 4% by 
: 2 by 2 in. angles and carefully fitted to be air tight. The 
: loints with the firebox sheets are made with asbestos rope to 
‘ eeayent air from getting in at the sheets and creating “blow- 
r pipe” flames against the sheets. The pan was made as deep 
A & possible in order. to secure large volume and the ashes 
j ate dropped through a cast iron slide without the neces- 
; ‘ity of raking them down. This slide is locked in the closed 
besition by pawls shown in Fig. 7. The air dampers of wide 
‘ firebox engines are usually placed at the rear ends; in this 
: it is in front, and in the form of a cast iron plate which 
h Scounterbalanced and is dropped in a guiding frame in open- 
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ing, Safety hangers are placed over the frames to hold the 
‘sh pan in case of breakage of the bearing castings. In many 
pan, and particularly the air admission features, 
inusual amount of attention. They deserve more 


lkebox.The “front end” has a comparatively short ex- 
and “oes not follow the Master Mechanics’ Association 
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Fig, 12 


recommendations as to arrangement. The nozzle is 17% ins, 
high below the tip and the stack is extended down to within | 
17 ins. of the top of the nozzle. It will be noticed in Fig. 12 
that the center of the saddle is back of the center of the stack 
and that there is but one steam pipe, which is placed in the 
“wake” of the exhaust pipe. The arrangement of the parts 
is clearly shown in this engraving. 


Cylinders and Saddle. 


The cylinders are separate from the saddle, the arrangement 
and the fastening being similar to that of the freight engines 


/ 

























SAA he PE aN ENOLM TENE LE SER E Bt ILS EO | A a 








\ 

































































rz 
f 2 | 
ete 
1 Nel 
hes | 
b- Ht | | 
| RS 
L__|) 
pope ti 7 
" ' 
i) N 
ts 
ee! 
fi | 
>a 
att 
——h : { 
|| 
/ nw |e eee es 
Yas... OC Oto hn 
® Yj : vA iy oe ee | 
fa A us —8— -—» Y me Li Ag | "SL we a ; 
C7 esses" ~ Poll 
SZ EG a +3 4 iy 
ha, Agi ers) i R 244 
4... — Pay $44%— — —— - ——_- —_- 





& 


illustrated last June. The saddle is illustrated in Fig. 13 and 
the cylinder in Fig. 14. A steam passage extends across the 
saddle. To this the single steam pipe connects, and between 
the saddle and each cylinder a short connecting piece, or “‘three- 
legged stool,” Fig. 15, takes the steam into two 41%4-in. open- 
ings into the cylinder. There is not room for one large con- 
nection, owing to the closeness of the steam chests to the sad- 
dles. The exhaust passes through a hole in each frame. In Fig. 
14 the method of blocking off the corner or pocket under the 
outer end of the exhaust port is shown. This engraving also 
shows.a third cylinder cock to drain the steam passage. The 
steam opening has an area of 30 square ins. and that of the 
exhaust pipe is 38% square ins. The bridges have large 
fillets for protection against breakage, while their width is 
1% in., which is rather less than usual. The steam passages 
are ample and are not restricted beyond the end of the dry 
pipe, as is often the case. The exhaust pipe is contracted so 
that the choke is 6 ins. below the top of the saddle cast- 
ing, as shown in Fig. 13. With a large boiler located high to 
clear the driving wheels the outside stack has to be short so as 
not to exceed the clearance limits, consequently the stack had 
to be extended downward in the smoke box, which in turn 
shortens the exhaust pipe. and therefore, in order that the ex- 
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haust jet shall have a chance to straighten up, the bridge was 
placed as far as possible below the nozzle. The area at the 
bridge is about 18 square ins. on each side, which is about 70 
per cent. of the opening of the 5%-in. tip. The exhaust pa* 
sages have easy curves and are free from pockets. The sad- 
dles have large chipping areas and the bolts are kept away 
from the corners. The location of the center’ pin bearing, 4 
inches back of the center of the saddle, will be referred to ™ 
connection with the truck. 
Frames. 

One of the three engines had cast steel frames, the others 
being of wrought iron, except the front sections, which are 
of cast steel in all cases. The form, including the deep sla 
at the cylinders, Fig. 16, is similar to that of the freight 
engines illustrated last year, except that the upper rail is set 
down behind the driving boxes in order to make the firebox a 
deep as possible, and the frames of Class E 1 provide for the 
hanging of the brake apparatus without requiring castings for 
the bearings. The splices and cylinder joints are made tight by 
keys which are planed in pairs to insure accuracy of fi 
and they are arranged in such a way as to be in comp! 
rather than in shear. The slab at the cylinders is 24% ins. 
deep and that at the foot plate is 18% ins, deep. The ber 
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in 
ba the lugs are cut away on the saddle side for a space on 
" ‘ee de of the neutral axis in order to prevent rocking of the 
. te or the joints in case they should be tightest at the cen- 
b 1 en m road has within the past two years equipped about 
" te gg with this arrangement of cylinders separate from 
et Vertical les without a single instance of loosening in service. 
as toot ak * and rigidity of connection to the cylinders and 
a hela’ € are noteworthy features. The equalizing system is 
or Sh ale Mi, in which the equalizer between the rear driv- 
yy € trailers is shown to be non-symmetrical. This was 


done 
in order to reduce the weight carried on the trailers. 


onal are placed under the rear springs. To guard 
a ‘loosening of the connection between the rear ends 
®s a foot plate, Fig. 18, in the form of a pressed steel 
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box girder with three webs, was used. Usual construction 
employing bars with joints which are difficult to make tight 
has been entirely abandoned on this road in favor of a stiffer 
and more easily fitted arrangement, which adds weight but 
gives the rigid connection, which is so important in powerful 
engines to resist the tendency for the frames to work loose 
at the rear, resulting in throwing -he stresses to the smokebox 
and cylinder connections. The coupling between the engine 
. and tender is closed against a coiled spring, tending always to 
prevent the destructive jerks of couplings having even a small 
amount of lost motion. Immediately back of the rear driving 
boxes vertical ribs in the frames are finished to receive the 
ends of a 7-in. steel cross brace to which the front diaphragm 
plates are bolted to support the firebox at the front water leg. 
At the back end the boiler is supported by plate expansion 


braces. 
Running Gear. 


Pistons and Piston Rods.—With the exception of changing 
the sizes to suit the requirements, the pistons and piston rods 
are similar to those shown on page 182 of our June issue 
last year. The pistons are widened to 6 ins. over an angle 
of 120 degrees at the bottom, to increase the bearing area on 
the cylinders. This-is considered as equivalent to the extended 
piston rod. Experience with the freight engines has shown 
the value of the precautions taken to permit of close fitting 
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of the piston rod at the crosshead end, and in order to prevent 
the crosshead fit from being tightest at the center the bearing 
is confined to the ends of the fit by cutting away the central 
portion. This feature, together with the enlarged ends of the 
rods, has overcome breakage of piston rods. 

Crosshead and Guides.—The Vogt enclosed guide is used in 
connection with a very light cast steel crosshead, Fig. 19, made 
with the slipper and head integral. The slipper is tinned on 
top and bottom and sides. From the top face of the slipper 
to the center of the pin is but 8 ins. This design wears 
well and permits of reducing the weight of the reciprocating 
parts. An oil cup is cast as a part of the washer and the oil 
is delivered to the flat or non-bearing portion on top of the 
wrist pin. No stiffening ribs are required on the guides, which 
are of cast iron and 10 ins. wide, because of the location of the 
guide yoke. The guides are shown in Fig. 20. 

Axles.—Very long journals, 13% ins., enlarged wheel fits 
and unusually large fillets are the principal features of the 
axles. Fig. 16, page 183 of our June issue, 1899, illustrates 
the cutting of the key ways, and Fig. 21, herewith, shows 
the dimensions of the axles of Class E 1 engines. The main 
journals are 9% by 13% ims., and those of the front axle are 
8% by 13% ins. 

Main and Side Rod.—The rods are of steel, milled out, the 
side rods having solid ends and a 4 by 5% in. I-section with 
a %-in. web and %-in. flanges. This wheel arrangement 
required main rods 11 ft. 5% ins. long, the construction 
being shown in Fig. 22. At the front end the brass is 
cut out at the top and bottom to correspond with the flat 
portions of the crosshead pin. This was first used on class 
P engines in 1894 and has been satisfactory. At this end more 
metal is provided at the bottom of the rod where the section 
is weakened by the set screw hole. The crank end is open 
at the back, and, instead of using a bolt through a block at 
the back of the brass and a key in front of it, a U-shaped 
block is placed back of the brass with its flat portion bearing 
against the brass. The projecting ends of the rod take a 
semi-circular gib which is threaded for a nut on its lower end 
to hold it tight. The key passes between the gib and the 
U-shaped block. The object of this arrangement was to pre- 
vent a difficulty sometimes occurring with the block and bolt of 
the older form caused by excessive setting up of the key, which 
led to the bolt being partly offset at the joint surfaces between 
the block and the rod, thus making it exceedingly difficult to 
remove the bolt and absolutely ruining it for further use. 
Moreover, this arrangement reduces the change in length of 
rod to a minimum, since both keys in the rod are behind the 
brasses which they close. A keeper is held by the nut on the 
gib and it serves as a nut lock and holds a set screw for the 
key. This arrangement is favorable to accurate fitting, it is 
strong, and may be easily taken down. 

Valves and Valve Motion. 

These are of the American balanced type, Fig. 24, 
With a modification of the usual arrangement of the pressure 
plate. The valve is recessed on top for a bearing surface for 
the balancing dise and is scraped for tight fitting. In accord- 
ance with a suggestion by Mr. J. T. Wilson of the American 
Balance Valve Co., the bolts are relieved from the duty of 
driving the plate, this being done by the valve itself. The 
pressure plate, which is practically a beam of uniform strength, 
isheld to the chest cover by a single large nut, bearing against 
agland, and vertical adjustment is provided by means of liners 
between four bosses on the plate and corresponding lugs on 
the cover against which the pressure plate is drawn by the 
nut, These liners also serve to prevent rocking. The balance 
Dlates are 15% ins. outside diameter. Lubrication holes 
through the pressure plate discharge oil at each end of the 
Valve. The valve yoke rests on shélves at the sides of ‘the 
steam chest and its weight does not rest upon the valve. 

Valve Motion.—Execept as to dimensions, the valve motion 
is similar to that of Class H 5 and H 6 engines. The top of the 


Valves.- 


link is prolonged to give several extra notches in the quadrant 
to increase the starting power. This is clearly shown in Fig. 
23. When in their lowest position the links cut off at 83 per 
cent. of the stroke, and when the block is opposite the upper 
eccentric rod pin the cut-off is 75 per cent. This gives a better 
turning moment and greater power in starting, which is very 
desirable with 80-in. driving wheels.. The back end of the 
valve stem has a well designed phosphor-bronze guide and 
the motion of the rocker pin is transmitted through a block 
and crosshead, shown in the photograph. The rocker shaft 
is like that of the freight engines, but is made hollow and the 
ends of the hole are closed with gas pipe plugs. The rocker 
shaft has two phosphor-bronze sleeves cast upon it. The eccen- 
trics are of cast iron, made with the rear halves and front 
halves of each pair cast in one piece. The bearing on the axle 
is 94% ins. long and at the center a groove is cut to fit over a 
collar on the axle. They are secured by keys and the bolts are in 
tension only; the bolts are on opposite sides of the cast- 
ing, as shown in the sectional view of Fig. 25. 

Valve Setting.—The eccentric throw is 6 ins., the maxi- 
mum valve travel is 7% ins. in forward motion and 5% 
ins. in back motion. The lead is 3/32 in. negative in full 
forward gear and 1/32 in. negative full back gear. The bridle 
pin is offset 19/32 in. The valves have 1/16 in. inside clear- 
ance at the front ends and % in. at the back ends and 1% 
in. outside lap at both ends. The cut-off readings taken 
from engine No. 698 are as follows: 
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Forward motion. Backward motion. 
Reverse | 
lever notch. | . — 

Right side. Left side. Right side. Left side. 

\Front. | Back. | Front. | Back. Front. | Back, | Front.) Back 

| in. in. in, in, in. in. in. in. 
eee | @ve | 2156 | 2156 | 2156 | 18t§ | 19%e | 18h | 19% 
a3 | =| my | My | 2 17% | 18% | 1748 | 18% 
Disses | 24g | Wye | 2% | We | 168 | 17 16}4 | 17 
Bi ciztedecabon 1956 | 1994 | 198 | 19% | live | 1554 | lite | 16% 
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_ SAR ee 103, | 105 | 10 1054 Sis 314 , 315 
12 ae 8% 84 844 | 8s 214 23 2% 2s 
TS iiudandans 634 634 636 638 | is 1¥s 1% 1% 
eee 456 446 456 | 46 1 | ls 1 1 
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The central position of the reverse lever is back of the center 
of the quadrant, because of the extension of the top of the 
link for the long cut-off at starting. This is the reason why 
the 14th notch in backward motion has a different cut-off 
from the same notch in the forward motion as shown in this 
table. The numbering of the notches begins at the end of the 
quadrant in each case. The 13th notch is the usual running 
position in forward motion, giving a perfectly equalized cut-off 
at 6% ins. The free and large steam passages and the 1% in. 
lap were used to secure good steam admission at the short cut- 
offs. Compression was reduced to a point which is just suf- 
ficient to.overcome the inertia of the reciprocating parts at 
the end of the stroke. 








Engine Truck. 

Bar truck frames could not be used on account of the unusual 
depth of the engine frames at the cylinders and the form shown 
in Fig. 26 was adopted. A large center casting is bolted be- 
tween plate side frames with ends enlarged to receive the 
bolts from the journal box pedestals. The frames are 27 ins. 
apart to keep them out of the way and the box pedestals are 
made in the form of brackets extending out from the side 
frames. The equalizers are outside of the frames and their 
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ends are brought together to form ball and socket bearings on 
the boxes. The load is applied from the center plate to the 
equalizer springs by means of very strong brackets bolted 
to the outside faces of the side frames, the springs being 
placed between the bars of the equalizers. These brackets 
carry smaller brackets for the brake hangers. The ends of 
the truck frames are braced by combined tension and com- 
pression stays. The center casting is of iron and the brackets 
for the springs and pedestals are of cast steel. The center pin 
is formed in a steel casting bolted to the top of the center cast- 
ing. The weight is received through liners held in a pocket 
in the center casting, which furnish an adjustment of the 
height of the front end of the engine to compensate for wear. 
While the load is received at the center of the wheel base 
of the truck and evenly distributed to the wheels, the pivot 
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about which it turns is 9% ins. back of the real center. 
As explained last month, this is done to increase the leverage 
of the leading truck wheels in guiding the engine and to 
reduce the lateral impact and the consequent wear of the 
flanges of the leading wheels. The diameter of the truck wheel, 
is 36 ins. 

Other Details. 

Brakes.—Both the driver and truck brakes are operated by 
the same cylinders, one on each side of the engine, located 
in front of the forward driving axle. The driver brake shoes 
are back of the wheels and the truck shoes between t!'¢ wheels. 
The cylinder levers are carried by rollers as shown in Fis: 21. 
These are connected across the engine by a horizontal equal- 
izer, their lower ends connect with the truck floa'ing lever, 
which is located with reference to the center of rotation 
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the truck. This is believed to be the first time such a com- 
bination of truck and driver brakes has been used. The brake 
cylinders rest on a stiffening frame brace and the rollers and 
horizontal tracks serve to give a nearly rectilinear motion to 
the piston rod. There is a cross equalizer under the cylinders 
to permit of adjusting for the wear of the shoes on each side 
independently. The brake shoe center pins are above the cen- 
ters of the shoes. When the brakes are “off” the spring adjust- 
ment between the stud on the lever and the eye on the shoe 
prevents the wear of the adjusting devices from causing rat- 
tling. 

Throttle.—In order to avoid the leakage of built-up dry 
pipes, they were made of cast iron. The back end has a 
straight joint only slightly larger than the pipe. This -was 
done for easy removal of the dry pipe through the tube sheet. 
The stand pipe has a right angle bend at the bottom to meet 
the dry pipe. This construction saves one joint and gives a 
smooth passage for the steam. A strong joint is made by 
means of claw hooks. Steam is taken from the top of the 
dome only, where it is driest. This is accomplished by making 
the throttle itself hollow and by closing the usual opening 
in the lower part of the bonnet. The form of the throttle and 
the direct passage for the steam into the dry pipe is shown in 
Fig. 28. During the first part of the motion of the throttle 
lever the leverage of the bell crank is very much greater than 
during the latter part, the well-known arrangement adopted 
by this road several years ago being used in a form modified 
to suit the conditions in this engine. This is a most excellent 
throttle design which has a distinct advantage in the shallow 
valve. Its height is but 5% ins., about half the usual amount. 

Combined Sand Box and Dome.—A saddle-shaped, cast-iron 
sand box is combined with the steam dome in an elongated 
casing. The casing has a machine joint at the cover over 
the sand box, made to allow leaking steam to escape and yet 
prevent rain from entering. This reduces the number of ob- 
structions on the boiler. 

Piston and Valve Rod Packing.—A serious defect in many 
forms of rod packing is the failure to provide for sufficient 
lateral motion. The form now used on the Pennsylvania 
takes care of a total motion of 7/16 in. The packing is so 
made that it may be removed over the enlarged end of the rod. 
It is the most valuable improvement in metallic packing that 
we have seen. 

Cab Fittings.—With the small space left in the cab at the 
sides of the large boiler, the cab fittings required most careful 
arrangement and this part of the work was done with char- 
acteristic thoroughness, and the result is surprising in the 
convenience with which the engine is operated. The injectors, 
which are “Sellers”? No. 11%, Class N, are on the sides of 
the boiler and both are operated from the right-hand side. 
The throttle rod rotates and enters a stuffing box at the end 
of the 3% in. pipe which supplies steam to the air pump, in- 
jectors and lubricators. In an angle of the end of this pipe 
the-throttle motion is changed from rotating to reciprocating 
and the rod operates the valve by pushing. The air pump is 
on the left-hand side and is started by a rod within easy reach 
of the engineer. A Chapman valve, worked by a hand wheel, 
controls the steam to the cab fittings. The whole arrange- 

ment of piping is such as to keep them almost entirely out of 
sight. Cab fittings are generally considered as minor and 
Wnimporiant details, but in this case they have received as 
careful consideration as any part of the engine. The result 
is a remarkably convenient arrangement for a cab with a wide 
firebox. Means of communication between the engineman in 
the cab and the fireman on the foot plate is provided for by the 
We of a speaking tube fitted with the usual whistle mouth- 
Piece. This is continually used by the fireman by means of a 
ventional code to check the engineman’s interpretation 
of signals,. 

Tender -The tender is a unique feature of the engine and is 
described elsewhere in this issue by Mr. Wm. Forsyth. 


Conclusion. 

This is a well-designed engine, which has been remarkably 
successful in fast running. It has shown the unquestionable 
advantage of large grate areas in capacity and economy. It 
has also shown the importance of large and direct steam pas- 
sages in which there is no restriction of area at and beyond 
the point where the steam divides to pass to the cylinders. 
The details are interesting and they impress one who exam- 
ines them carefully with the possibilities of improving com- 
mon practice by the application of principles which render 
accurate fitting possible and convenient. The greatest influence 
of this engine on future designs will probable lie in the direc- 
tion of encouraging the construction of wider fireboxes, which 
not only give great boiler power, but permit of the use of 
cheap grades of fuel. If it were not for the separation of the 
engineer and fireman, the class would doubtless become a gen- 
erally used standard on this road, but the objections to the 
separation are so great that the principal advantages of this 
class will be sought in a design modified to make it possible 
to bring the men together. 

We do not know of a more worthy example of American 
locomotive practice and one containing so many evidenees 
of thoughtful skill in design and thoroughly good workman- 
ship in construction. 








The general opinion of the tests made by the Master Me- 
chanics’ Association on exhaust’ arrangements, in 1896, is that 
they represent the most complete and altogether admirable 
work ever brought before that organization. It is now clear, 
however, that something more is needed upon this subject. 
Important suggestions with regard to the relation between 
petticoat pipes, deflector plates and exhaust pipes are made 
on another page of this issue by Mr. H. H. Vaughan, who is 
a close observer and careful student of the locomotive. His 
discussion of the arrangements of front-end appliances confirms 
a wide-spread opinion that the investigation of the “front end” 
has only begun. Mr. Vaughan lays stress upon the endorse- 
ment of the petticoat pipe by the committee, and indicates the 
advisability of submitting it to a series of tests, which should 
include experiments upon low nozzles and petticoat pipes, with- 
out combining them with the deflector plate. We believe that 
it is possible to equalize the draft through the tubes by an 
adjustment of the exhaust and petticoat pipes and omitting the 
defiector. If so, its effect as a retarder of the draft would be 
eliminated. But in addition to the arguments of Mr. Vaughan 
for further investigation is the fact that the length of stacks, 
which is influenced by the increased size of boilers, has a bear- 
ing on the question, the effect of which is seen in the exten- 
sion of the stack down into the smokebox in a number of en- 
gines having large boilers. This, and the well-known intermit- 
tent action of the exhaust of two-cylinder compounds when 
running at slow speeds, should be added to the reasons for 
urging a reopening of the question, which, because of its bear- 
ing upon the economical operation of locomotives, is clearly 
important enough to warrant attention by the committee un 
subjects to be presented to the Master Mechanics’ Association 
for report next year. 








One hundred and eight patterns of car brasses make quite 
a formidable array. It is a silent commentary upon the mean- 
ing of the “M. C. B. standard,” when such a lot of miscella- 
neous and grotesque metal shapes must be carried in stock 
on a single railroad to meet the combined requirements of home 
and foreign cars. Upon investigating a reason for carrying one 
of these patterns, we found that a certain prominent road is 
responsible for putting out brasses and wedges bearing the 
symbol “M. C. B.,” of which the wedges are too narrow to 
work in standard M. C. B. journal boxes without allowing the 
brass to tilt over on its side and with side lips so deep that 
the lugs bear upon the lugs of the brass and prevent the 
top of the brass from touching the bottom of the body of the 
wedge. The brass will not work with an M. C. B. wedge and 
the wedge will not work with an M. C. B. brass. In justice 
to the railroads the name of this road ought to be made public. 
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Fig. 5.-Draft Gear, Connection to Pencil and Train of Driving Gearing. 
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Fig. 6.—Dash Pot an Pencil Motion. 











NEW DYNAMOMETER CAR. 





Chicago & Northwestern Railway. 












ea dynamometer car just completed by the Chicago & 

eb tn a : 7 Ry.-has several novel features. The car is simi- 

inn. : uction to the standard cabooses of the road, except 

thee ent sills are 10 in. channels, placed 21 in. apart and 

tier . 7 draft gear is fastened. An ordinary M. C. B. 

cially ‘ attached to one end, while the other carries a spe- 
esign 





ed link coupler attached to the follower by a ball 
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joint. The illustrations present, in Fig. 1, an exterior view of 
the car; in Figs. 2 and 3, front and rear views of the recording 
machine; Fig. 4 is a floor plan; Figs. 5 and 6 show the draft 
springs, their connection with the machine, the machine itself, 
the pencil motion, including the dash pot, also the paper driv- 
ing mechanism. Fig. 7 gives sections through the receiving 
and driving drums and the steel band connection between the 
drawbar and the vertical shaft to the pencil motion, as shown 
in Fig. 8. 

There are 16 springs in all, arranged in two sets with 
a follower between them. The casing gives these springs an 
initial compression of about 4,000 Ibs. each. The free height of 
the springs is 10% in. Their height under a load of 4,000 lbs. 
is 9.45 in. and under 6,500 lbs. 8.65 in. The coupler being 
attached to the central follower, will, with its movements, com- 
press one spring still more and reduce the compression of the 
other correspondingly. The initial load is sufficient to be sure 
that the maximum drawbar pull will never entirely unload 
either spring. The object of this arrangement is to cause the 
errors of deflection of one set of springs to neutralize those of 
the other. It is well known that the deflections of spiral springs 
are different when ascending and descending when tested by 
gradually applied and gradually removed loads. This central 
follower takes care of the errors by causing one spring to be 
loaded while the opposite one is unloaded, the errors then 
counteract each other to an extent believed to give a degree 
of reliability which will render the machine fairly satisfac- 
tory and yet save the cost of an elaborate Emery dynamometer. 
The deflections of this arrangement are re- 
markably close to a straight line. The large 
number of springs were used in order to 
make the springs of small bars, which are 
more regular than large ones in their action, 
The capacity of the draft gear for recording 
is 50,000 lbs. This opposition of the springs 
also does away with lost motion and tends 
to produce a steadier pencil motion. 

The motion of the recording draft gear is 








ro transmitted to the car through a -vertical 











shaft connected to the drawbar by thin steel 

bands wrapped around a sheave at the lower 
| end of the shaft, the slack being taken up 

( ° by means of a light spring. A spring steel 

“4. ©) O blade bears against vertical rollers secured 

é XN 

rf Oo 


to the pencil arm. The pencil arm swivels 
around the vertical shaft, but is loose upon 


it, and its vibration is controlled and 

steadied by a dash pot with rotary vanes, 
the arm being connected to the vanes of the dash pot by 
thin steel. bands. The pencil is carried by a frame and 
rollers upon guides and it is connected to the arm by steel] 
bands. The dash pot restricts the vibrations of the pencil arm 
to a small amount each side of the mean position, while the 
steel blade permits of the rotation of the shaft, which is con- 
nected. with the drawbar, without restriction, and in service 
the blade is continually bending to the right and left while the 
pencil occupies a mean position with comparatively little vibra- 
tion. The extent of the oscillations may be regulated by a 
screw in the by-pass of the dash pot. 

The car has four wheel trucks and to one of the axles a uni- 
versal telescopic motion mechanism is geared and five speeds 
are provided for the paper, viz., 25, 50, 100, 200 and 400 ft. of 
track per lineal inch of the paper travel. The scale changing 
gearing is similar to the screw-gears of a lathe. Five pens 
make the following records: A datum or zero line for the 
drawbar pull, the curve of the pull itself, an automatic time 
record marking ten-second intervals, a push button record for 
mile posts and stations and another push-button record from 
the engine to locate indicator diagrams and steam pressure. A 
Boyer speed recorder, gauges and clocks complete the appar- 
atus. The comfort of the attendants was considered and sleep- 
ing accommodations for four men provided. The car has a 
table, a closet, vise and bench and is heated by a Baker heater. 

The car is just finished and the preliminary tests indicate 
that it is likely to be satisfactory. The plan and details, in- 
cluding the opposition of the springs, were worked out by Mr. 
W. H. Marshall and Mr. F. M. Whyte, under the direction of 
Mr. Quayle. The construction was completed under Mr. G. R. 
Hendersor 
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Fig. 7.—Sections Through Paper Crums. 
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Fig. 8.—Motion Transmission from the ODrawbar to the 





Recording Mechanism. 


CONSIDERATION OF WEIGHT OF PARTS IN LOCOMOT VE 
DESIGN. 





By W. H. Marshall, Superintendent of Motive Power, Lake 
Shore & Michigan Southern Railroad. 





Ten or twelve years ago but little attention was paid to the 
reduction of weight of details of locomotives. Cast and 
wrought iron entered largely into the construction of those 
parts and with no attempt to reduce their weight the amount 
available for the boiler was much too small. But large boilers 
were not so well appreciated then, and the writer recalls cases 
where a correct distribution of weight was accomplished by 
making the footplates nearly one foot thick and when this 
was not sufficient to keep down the weight on the front trucks 
to the amount desired the cab brackets were made three 
inches thick and the back running boards were made of cast- 
iron 1% inches thick. To-day such methods of effecting a 
correct distribution of weight are not considered for a moment, 
but the wheels are so placed with reference to the boiler as 
to give the correct distribution. 

Notwithstanding that locomotives are much heavier to-day, 
there is a greater necessity than ever for getting the max- 
imum power within the imposed limit of weight. In pass- 
enger service the high speeds and great weights of trains call 
for large horse-powers, and large horse-powers mean large 
boilers. Even in freight service where speeds are supposed to 
be slow the increased weight of trains and the reduction of 
ruling grades make the handling of freight economically 
a question of steaming capacity, so that the only correct rule 
for the size of the boilers of modern road engines is to get 
them as large as possible. In many cases the large boiler is 
vital to the success of the design, and then the scrutiny of de- 
tails of machinery must be close. Before taking up these de- 
tails it might be well to give some words to the boiler itself. 


There may be quite a difference in the weight of boilers of - 


various designs having the same steam-making capacity. The 
design of minimum weight will have its greatest diameter of 
shell at the back tube sheet, and the diameter at the back 
head will be as much less than this as is consistent with the 
removal of the. firebox by cutting out the back head. For 
this reason the reduction cannot well exceed 7 or 8 inches. 
The diameter at the front tube sheet will be such that there 
will be no more room in that sheet for tubes than is available 
in the back sheet. In fact, the reduction at the front end can 
be carried still further if necessary, as the tubes can with- 
out detriment be spaced closer in the front tube sheet than 
in the back one. The first course of the shell can, without 
undue crowding of the front tube sheet, be made about 10 
inches less than the diameter of the shell at the back tube 
sheet. The radial stay boiler is of course much lighter in 
weight than the crown bar type, and, all things considered, the 
writer believes it preferable to any other form. 

Usually the length of the boiler is fixed within close limits 
by controlling features of the general design, but where there 
is a choice in length it is well to remember that heating sul- 
face can often be. obtained for less weight by increasing the 
length of flues instead of increasing the diameter of the 
boiler and the number of flues. Some object to increasing 
the flues beyond 14 feet in length, but the writer sees no objec 
tions to lengths of 15 or even 16 feet, providing the number 
of flues is at least equal to current practice. 

Some unnecessary weight is put into a boiler when the shell 
is not of the same factor of safety throughout. For instance. 
take the sheets of the first and. third courses of a wagon top 
boiler. If with the same factor of safety one figures # and 
the other % inch thick, they are usually ordered }! and % 
respectively. The one sheet may just as well be ordered in 
thirty-seconds and one hundred pounds or more saved. The 
outside firebox sheet of radial stay boilers is ofica made 
heavier than required. A difference of xs inch in thickness 
of this sheet will mean about 500 Ibs. if the box is 10 feet long 
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As this sheet is thoroughly stayed there seems to be no good 
reason for making it more than % inch thick, or % inch at 
most, even for pressures of 200 lbs. No one wishes to take any 
chances in boiler construction, but within the limits of as- 
sumed safety there are opportunities to save weight in direc- 
tions such as inulcated above. 

In taking up the details of machinery I would state at the 
outset that no attempt should be made to save a single pound 
by reducing the size of bearing surfaces or by deliberately 
using higher fiber stresses than are warranted in those parts 
that can be calculated. Crank pins and axles with fibre 
stresses of from 21,000 to 26,000 Ibs. will certainly give trouble 
sooner or later and generally all too soon. Rod straps, bolts, 
keys, etc., that are a little too light for their work are a source 
of endless expense and anxiety, even if by careful inspection 
failures on the road are prevented. The greatest saving in 
weight is after all not obtainable in such questionable ways. 
It is in details not subject to calculation that the opportunities 
are found. 

The use of pressed steel and cast steel of course permit 
considerable reduction in weight, but as far as cast-steel is 
concerned we have not gained as much as we might. Most 
of the cast-steel that has gone into locomotive construction 
has a tensile strength of between 60,000 and 65,000 lbs., an 
elongation of 15 to 18 per cent., and a reduction of area too 
small to talk about. The castings have not been annealed and 
the internal strains in the castings have not been eliminated 
sufficiently to warrant the designer in reducing the sections to 
what they should be for a supposedly high grade material. 
And yet with the steel now commonly used the reduction of 
sections has not been carried as far as practicable. In a re- 
cent case that came to the writer’s attention the drawings of 
the driving wheels of a consolidation engine were revised and 
1,600 lbs. taken out of the eight wheels. The hubs were re- 
duced materially, also the spokes and rim, and the balances 
set out as close to the rim as possible. They were made as 
thick as due clearance of the rods would permit and their 
depth thereby reduced. This carried the centre of gravity 
farther from the centre and required less weight. When the 
foundry people saw the pattern they entered a protest at once, 
but were induced to give the pattern a trial, with the result 
that they made the wheels with less foundry loss than usual 
for that class of work. In such changes as these one has the 
satisfaction of knowing that-he is not only saving weight to 
be used where it counts for much, but he is adding to the 
beauty of the engine and is also making the machinery more 
accessible, an advantage of no small importance when every- 
thing is as crowded as in the modern large engine. 

The use of cast-steel foot plates, rock shafts, rock shaft- 
boxes, driving boxes, equalizers, equalizer fulcrums, frame 
braces, etc., etc., are so common that they need no special 
mention. Cylinder heads, steam chests and steam chest cov- 

es are occasionally made in steel with a large saving in 
Weight. Cylinder head and steam chest casings should of 
course be made of pressed steel, as also should boiler fronts 
and doors, dome and sandbox casings. 

Frames are among the last parts that one cares to take 
any chances on, because of the trouble and expense of making 
repairs. And yet while going slow in the adoption of light 
Sections, it is believed that the strains to which frames are 
subjected would be less complex and less metal would be re- 
quired to withstand them if care is taken to support the 
frames to the boiler at every point where they receive a thrust 
from the equalizer rigging and springs. This does not neces- 
Sarily add weight in the form: of waist sheets, and expansion 
knees and pads; in fact, these last-named parts are usually 
heavier than necessary. One case is recalled where a pair of 
*Xpansion knees on the sides of the firebox, as originally 
planned, weighed over 750 lbs., which weight was ultimately 
cut down iby several hundred pounds. 

Rt is not uncommon to find cast-iron cab brackets discarded 
for steel plates 5-16 or 3-8 in. thick, with angle iron edges. 


The saving in weight is about 350 Ibs., and a further reduction 
is possible by making the plates 4 in. thick, which is amply 
strong. Steel cabs or combinations of wood and steel are now 
in favor, but a substantial wooden cab good enough for any- 
body weighs much less. In a recent case of “whittling,” a 
wooden cab was substituted for a part steel part wood cab 
of the same design and dimension, with a saving of 500 Ibs. 

On engines standing too high. to permit the safety valves 
to be placed in the dome, it is not unusual to rivet a cast-iron 
turret on top of the boiler between the cab and dome for the 
reception of these valves. If this is dispensed with and the 
valves screwed directly into the boiler the weight saved may 
exceed 200 lbs. There is also a great difference in the weight 
of boiler coverings, and in a recent case 900 lbs. was saved 
by using a certain well-known covering in place of the one 
originally specified. The sandbox base, which is usually of 
cast iron can be made of pressed steel, with a saving of about 
100 lbs. It is well known that the cast-iron steam pipes in 
the smokebox usually run much thicker than the drawings 
call for and if they are made to conform strictly to draw- 
ings, the reduction of weight is considerable. 

Doubtless a still further scaling down of weights would re- 
sult from the use of malleable iron steam pipes. Without 
resorting to the use of malleable iron, 300 lbs. was saved in 
the front end of a recent engine, though all of it did not come 
out of the steam pipes. 

Grate side frames are usually heavy affairs and if so shaped 
that the ash pan hangs from them, they will weigh fully 700 
lbs. per pair for a 10-ft. box. In a recent engine they were 
made of pressed steel and the ash pan hung from the frames 
with a net saving of between 300 and 400 lbs. Grate bar pat- 
terns can frequently be revised with a considerable saving of 
weight; in fact, out of the entire set of grate castings, in- 
cluding side frames from 500 to 800 lbs., can be taken. The 
ordinary fire door, with its heavy cast-iron frame can be re- 
placed by a light pressed steel door hinged to the boiler head 
and without a frame, with a saving of 250 Ibs. 

Within the limits of this article it is not possible to men~ 
tion every detail, and possibly those outlined above-are suf- 
ficient to indicate where the savings can be effected and to 
what an extent they can be carried. Necessarily some prac- 
tices already becoming common have been mentioned, and it 
is not the intention of the writer to claim as new all that 
has been outlined. In closing I would again call attention 
to the fact that the greatest savings in weight are to be found 
in those details in which little that is essential is jeopardized 
by the changes made. 











Mr. Clarence M. Mendenhall, Superintendent of Motive Power 
of the Philadelphia, Washington & Baltimore, has resigned, to 
accept the position of Superintendent of Motive Power of the 
Chicago & Alton. Mr. Mendenhall began railway service in 
June, 1882, as an apprentice in the shops of the Pennsylvania 
Railroad. In April, 1899, he was appointed Assistant Road 
Foreman of Engines, on the New York division. This position 
he held until December, 1890, when he was made Assistant 
Master Mechanic of the Meadows shops, where he remained 
until 1894, when he became Assistant Engineer of Motive 
Power of the United Railroads of New Jersey division, and in 
June, 1895, he was made Superintendent of Motive Power of 
the Philadelphia, Wilmington & Baltimore. 





Mr. Richard. N. Durborow, heretofore Master Mechanic of 
the Pennsylvania, at Philadelphia, has been appointed Super- 
intendent of Motive Power of the Philadelphia, Wilmington & 
Baltimore, to succeed Mr. C. M. Mendenhall. 





John E. Battye, Master Mechanic of the Norfolk & Western, 
died at his home in Roanoke, Va., Thursday, May 17, after a 
very short illness. Mr. Battye was 51 years of age and was a 
native of Hunterfield, Yorkshire, England. 
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LOCOMOTIVE DESIGN.* 





By F. J. Cole, Mechanical Engineer Rogers Locomotive Works. 





Mean Effective Pressure and Horse-Power. 


In estimating the tractive power of a locomotive it is neces- 
sary to know the maximum available mean effective pressures 
on the pistons at various speeds. It is evident that no exact 
ratio can exist between the speed and the mean effective pres- 
sure on all types, designs and builds of locomotives. For gen- 


S8 


70 


Percentage of Boiler Pressure 


10 


400 500 00 700 800 900 
Piston Speed-Feet per Minute 
Fig. } 


eral use the best that can be done is to establish some average 
results which have been obtained from a large number of in- 
dicator cards, taken from different types of locomotives under 
various conditions of service. If a large number of indicator 
cards are selected which were taken at different speeds with a 
full or wide open throttle, when presumably the cut-off was 
adjusted so that the engine was doing its best work at that 
speed; and the positions plotted on a diagram whose vertical 
lines represent piston speed in feet per minute, and the hori- 
zontal lines percentages of boiler pressure (see Fig. 1), then 
a curved line can be drawn through these marks which will 
represent the average maximum mean effective pressure for 
different piston speeds under ordinary conditions. 

Usually one of the limitations of the power of an engine 
at high speed is the inability of the boiler to-supply steam 
in sufficient quantities at the point of cut-off which will pro- 
duce the best results at that speed. If the boiler is inadequate, 
the power of the engine will necessarily be reduced in pro- 
portion to its shortcomings. Again, the supply of steam 
may be ample, but the means employed for its distribution 
may be so defective that the mean effective pressure is much 
lower than could be obtained with the most approved ap- 
pliances. This may be caused either by insufficient port open- 
ing during admission, which “wiredraws’”’ tne steam to such 
an extent that the pressure is reduced umnecessarily before 
the steam port is closed and before expansion takes place, 
or by the exhaust not taking place with sufficient freedom, 
causing a greater amount of back pressure than is absolutely 
necessary. 

At starting, and at very slow speeds, with the valves in 
full stroke, it is possible to obtain a mean effective pressure 
within a few pounds of the boiler pressure. The back pressure 





*For previous article see page 97. 





under these conditions does not amount to much, as the 
movement of the piston is so slow that the steam has ample 
time to escape at its natural velocity without being assisted 
or crowded by the piston. As the speed increases, supposing 
the cut-off to be the sarhe, the back pressure becomes a promi- 
nent factor in reducing the useful effect of the steam. Fig. 2 
shows this very clearly, the first, or outer, diagram being 
taken at the moment of starting with a heavy train. Those 
superimposed were taken at the next moment when the 
tractive power exceeds the adhesion, causing the drivers to 
slip and revolve rapidly. The cut-off and the position of the 
throttle valve remain the same for the 
first two or three revolutions, but the 
mean effective pressure is decreased 
enormously by the increase of back 
pressure caused by the volume of steam 
being too great for the exhaust ports 
to release at a low pressure with a 
high piston speed. 

For every locomotive there is some 
point of cut-off suitable to a given 
speed, at which point the engine will 
develop its greatest power. As the 
speed increases the reverse lever must 
be moved nearer to the center to de- 
crease the length of the cut-off and 
prolong the expansion, so that at the 
time of release the pressure will be 
sufficiently reduced to allow the ex- 
haust to take place without undue back 
pressure and to utilize as much as pos- 
sible in an economical manner the ex- 
pansive force of the steam. 

The maximum mean effective 
pressure then decreases as the piston 
speed increases, following some fixed 
general law, but varying somewhat in 
different engines. according to the 
capacity of the boiler, size of the pipes, kind of valve gear, 
etc. Fig. 1 shows a curve constructed from a very large num- 
ber of indicator diagrams taken from different classes and 
builds of engines. It may be accepted as representing about 
the best maximum mean effective pressure obtainable under 
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Fig. 2 


the .usual conditions from single expansion locomotives. The 
range of pressures is from 93 per cent. at starting, and 80 
per cent. at 300 feet, to 28 per cent. at 1,400 feet of piston 
speed per minute. To use the diagram, multiply the boiler 
pressure by the percentage appropriate to the piston speed; 
the quotient is the mean effective pressure. Table 2 is made 
in this way for boiler pressures varying by 10 pounds from ! 60 
to 250 pounds per square inch. _ 

The piston speed should not exceed 1,400 feet per minute 
under ordinary conditions. For economy the maximum speed 
is about 1,100 feet. 
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at a glance. A 24-inch stroke is used as the base of the 




















70 800 900 1000 1100 1200 1300 1400 
per Minute 24 Inch Stroke 
Fig. 3 
TABLE NO. 2. 
Mean Effective Pressure. 

Boiler | Piston speed feet per minute. 

pres- 

sure. l 

100] 200} 300) 400) 500) 600) 700) 800 (900) 1,000 | 1,100 | 1,200 | 1,300 | 1,400 
100 91; 86) 80) 73) 65) 57| 50) 44.5) 40) 37 34.3) 32 30 28 
160 | 146) 138) 128) 117) 104) 91) 8) 71 59 55 5: 48 45 
170 | 155} 146) 136} 124] 110) 97| 85) 76 | 68) 63 58 54 51 48 
180 | 164 144} 131] 117) 103) & 72) 67 62 58 54 50 
190 | 173} 163) 152) 139} 1:3] 108) 95) 84 | 76) 7 65 61 57 53 
182 160] 146] 130) 114) 100} 89 | 80} 74 69 64 60 56 

210 | 191) 181} 168} 153) 137; 120) 105} 93 | 84) 78 72 63 | 59 
220 | 200} 189) 176} 161) 143) 126) 110} 98 | 88] 81 75 70 66 62 
230 | 209) 198) 184) 168) 150) 131) 115}102 | 92) 8 79 74 69 64 
240 | 218) 206} 192) 175) 156) 137) 220}107 | 96) 89 81 77 72 67 
250 | 247) 215) 200) 183) 162) 142} 225} 111 es 92 | 86 7 | 70 





























The effect of long pipes in erroneously increasing the size 
of indicator cards at high speeds is clearly shown by Professor 
Goss, of Purdue University, in a paper before the American 
Society of Mechanical Engineers, May, 1896, and the Western 
Railway Club Proceedings of March, 1894. A number of cards 
taken at high speeds can be shown in which the mean effective 
pressure is higher at 1,200 to 1,300 feet per minute than those 
given in Fig. 1, but as the inacuracy of the results obtained 
when the indicator is connected by long pipes seems to be 
proved, it is well to be cautious about accepting the higher 
figures. : 

The diagram shown in Fig. 3 is arranged to give prominence 
to these two facts. By its use the prover diameter of driving 
wheel for strokes varying from 24 to 32 inches can be obtained 
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diagram and the heavy vertical lines at 1,100 and 1,400 feet 
respectively show the limits of economy ;ind speed for wheels 
varying by six inches from 36 to 96 inches in diameter. The 
vertical lines marked 26, 28, 30 and 32 represent piston speeds 
of 1,100 feet for each of the strokes mentioned. To use the 
diagram, follow the horizontal lines for any given speed in 
miles per hour to its intersection with either of the vertical 
lines marked 1,100 or 1,400 feet, the nearest diagonal line at 
this point represents the diameter of the driving wheel. Ex- 
ample: What is the least diameter of wheel with a stroke 
of 24 inches for a maximum speed of 69 miles per hour? Follow 
the horizontal line 69 along until it is over the vertical line 
Marked 1,400. The diagonal line marked 66 also intersects 
at this point, so that a 66-inch wheel is the minimum diameter 
Which should be used. The diagonal line marked 84 intersects 
the vertical line marked 1,100, so-that.a wheel of 84 inches 
Would be more economical, other things being equal. 





The -horse-power of a locomotive is the 
tractive force in pounds multiplied by the 
speed in miles per hour divided by 375. 

Let H = horse-power, 

S=speed in miles per hour, 
T =tractive force, 


TS X 5280 TS 
Then H= = a 
33,000 x 60 375 


If the horse-power of a locomotive is worked 
out for different speeds, a point will be found 
at which it ceases to increase, where the 
mean effective pressure decreases faster than 
the speed increases. The percentage of in- 
crease of speeds for increments of 5 
miles per hour is shown in the diagram Fig. 
4. Between 5 and 10 miles the increase is 50 
per cent., between 10 and 15 miles it is 33.3 
per cent., but between 70 and 75 miles only 
6.66 per cent. The percentage of decrease of 
the mean effective pressure is shown in the 
diagram lig. 1. Between 100 and 200 feet 
per minute the decrease is 5.8 per cent., be- 
tween 500 to 600 feet per minute it is 14 per 
cent., and between 1,200 to 1,300 feet per min- 
ute it is 6.6 per cent. . 

The diagram Fig. 5 shows the horse-power 
curves for 17 by 24, 19 by 32 and 20 by 24 
inch locomotives with different diameters of 
wheels. The critical points at which the 
horse-power commences to aecrease are at 
70, 40 and 80 miles respectively, which rep- 
resents about 1,400 feet per minute for each 
of these curves. 

The ability of an engine to handle heavy 
trains at high speeds depends upon the horse- 
power which can be developed at the mean 
velocity required. While under exception- 
ally favorable circumstances very high speeds 
can often be made with engines running 
above their critical speeds, yet for ordinary 
conditions a large surplus of power must be 
provided to accelerate the speed rapidly .:n a 
comparatively short time. The proportions of 
an engine should be such that the required 
Maximum speed may be made at a point in 
the horse-power curve, while the ratio o1 in- 
crease is still considerable and before the 
line approaches the horizontal where the in- 
crease of power ceases. 

From the horse-power curve the pounds of 
steam required at different speeds, the dimen- 
sions of the boiler, size of grate, rate of com- 
pustion and heating surfaces can be readily estimated. 








MORTENSON’S NUT LOCK. 


The Mortenson Lock Nut Company, 803 170th Street, New 
York, manufactures a very simple, inexpensive and efficient 
nut lock which has been used with excellent results for five 
years in car work on the Southern Pacific Railway. This lock 


does not require extra parts. It is easily applied and easily 
removed, but does not loosen in service. An ordinary nut 
is used and the four corners are slit by a saw cut near the 
bearing face and parallel to that face. After the nut is 
screwed home a cold chisel is driven into one of the saw 
slits which bends the lip into a groove provided in the washer, 
or, in the absence of a washer, in the metal against which 
the nut bears. This obviously makes a secure fastening. The 
cost is very little, if any, more than that of ordinary nuts 
without this feature. 
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LOCOMOTIVES IN 1900. 





By M. N. Forney. 





The history of the locomotive may be said to be contempora- 
neous with the nineteenth century. In 1803 Trevithick built his 
locomotive in which Stretten, in his ‘““Development of the Loco- 
motive,” says “he employed high-pressure steam. He found by 
experience that flat wheels had sufficient adhesion upon smooth 
rails, and he conveyed the exhaust steam from the cylinder ~o 
the chimney by means of a pipe, which he turned upward, and 
discovered, by observing the practical result, that the blast of 
steam caused the fire to burn much better.’”’ From this epoch 
to 1829, the year of the celebrated Liverpool-Manchester Rail- 
way trials, was a tentative or experimental period, which, up 
to that date, had resulted in little practical achievement. It 
was the infancy of locomotives. From that time to 1857—the 
year of the panic—was a period of evolution, during which the 
various organs of the locomotive were being perfected and 
adapted to their various functions. From then to the financial 
revulsion of 1872 was a growing period, and since then it may 
be said locomotives have been laying on flesh, or increasing in 
size and weight. 

It would be very interesting, if it were possible, to make a 
series of diagrammatic scale drawings of locomotives, built in 
sucdessive years, since the date of the Rocket, which would 
show their relative size and give their weight and steam press- 
ures. A great deal of research would, however, be required to 
do this, but some comparisons of weights, sizes, etc., at differ- 
ent periods, may be given. Thus the weight of the Rocket was 
11,760 Ibs., and the steam pressure was 50 lbs. per square inca. 
In 1857 the weight of ordinary passenger engines was not 
much over 50,0vv Ibs., and that of Winans camel engines— 
which were about the heaviest freight locomotives then used— 
was given as 24 tons, whether of thé long or short variety is 
not stated. The steam pressure employed in those days was 
about 100 Ibs. At the end of the next epoch, or in 1872, the 
weight of standard passenger locomotives was 30 tons, or 60,000 
Ibs., although some heavier ones were then used. Ten-wheel 
and mogul freight engines of 75,000 lbs. weight were consid- 
ered heavy. Our readers are familiar with the sizes and 
weights of to-day. Passenger locomotives of 175,000 Ibs., and 
freight engines weighing over 200,000 lbs., are not uncommon, 
and steam pressures of 200 lbs. are accepted as a matter of 
coursé, and even 225 is used. This great increase in size and 
weight has presented some difficult problems for solution, on 
which it is the purpose of this article to comment. 

There are two limitations to the weight of a locomotive, one 
the weight which can be carried by each wheel, and that can 
be borne by the rails under them, and next the number of 
wheels which can be used. Weights per wheel of 20,000 Ibs. 


and over are now common. If an engine has four driving. 
wheels its adhesive weight may be about 80,000: Ibs., of six 120,- 
000, and with eight 160,000 Ibs. Now, to do any work, these 
wheels must be turned, and to do the maximum work it is 
essential to exert a turning force which will be equal to, or very 
little less than, the adhesion of the wheels to the rails. This 
means that cylinders must be provided of sufficient size, and 
the pressure and supply of steam must be adequate. To fur- 
nish the requisite quantity of steam a boiler large enough must 
be provided, and in order that this may be effective it is es. 
sential that an adequate quantity of fuel can be burned, which 
can only be done on a grate of sufficient size. Furthermore, 
to avoid working the reciprocation machinery—pistons, etc.— 
at too High a speed, the driving wheels must be of adequate 
diameter. As the gauge of most of our roads is 4 ft. 8% in., 
these wheels must be placed so that the transverse distance be- 
tween them is only 53% in. If the boiler is of adequate diame- 
ter, it must be raised high enough to keep clear of the wheels. 
During the youthful period of locomotives, and while they and 
their boilers were comparatively small, engineers were very 
averse to raising the boilers, but since then, and after their size 
and weight have been increased enormously, it has been discov- 
ered that no disadvantages result from having them consider- 
ably higher than was customary in the early days of railroad- 
ing. This led to the practice of putting the fireboxes on top of the 
frames, and making them the full width, or nearly so, of the 
space between the wheels. In other cases—as with the Wootten 
boilers—they were placed entirely above the wheels, and then 
made considerably wider than the distance over the wheels. 
Wuth both forms of construction the fireboxes were necessarily 
much shallower than they were when placed between the 
frames and made as deep as the distance above the track would 
permit. Even if made of the full width of the space between 
the wheels, it is impossible, with the heavy engines now in 
vogue, to get grate surface enough, unless the grate is made 
inordinately and inconveniently long. If the firebox is placed 
entirely above the wheels, the height from the top of the grate 
to the crown sheet is necessarily reduced. The question of 
combustion is then encountered, and it is held by many that 
to burn bituminous coal advantageously considerable depth of 
firebox is essenual. 

It was pointed out some time ago by an eminent authority 
that the process of combustion is arrested whenever flame 
comes into contact with any solid substance, which, it was 
said, could be illustrated by putting a rod or wire into an or- 
dinary gas flame, which will then immediately begin to smoke. 
‘4ue deduction was that in any furnace, to effect as perfect com- 
bustion as possible, the flame should be kept out of contact with 
its sides or top until the process was completed. To do this 
the walls and top of furnace should be kept as far away from 
the body of the flame as possible, and therefore a sphere would 
be the best form, and, if plane sides are requisite, a cube would 
be the next best. 

To get locomotives of the maximum capacity, then, we cal 
load the wheels with the greatest weight the rails will bear, 
make the wheels of such size that the reciprocating machinery 
need not work at too high a speed, supply cylinders which will 
have sufficient tractive power and get enough heating surface 
to supply steam, a grate of a size which will burn the needed 
quantity of coal, and a firebox whose length, depth and breadth 
will be as nearly alike as possible. This must all be done 
without extending the wheel base too much to prevent the en- 
gine from curving. Now, there is not.much difficulty in doing 
all these things, excepting supplying a firebox of the size and 
proportions designated. 

Leaving out compound locomotives, the most marked depart- 
ures in design which have recently been made have been the 
attempts to supply such fireboxes. In all of them all the driv- 
ing wheels and axles have been placed in front of the firebox, 
and the latter is carried on a pair of trailing wheels. This has 
been the case in some locomotives of the Atlantic and col 
bia types, and later in Mr. Delano’s locomotive, which was i 


b 


\ 





SUPPLEMENT TO AMERICAN ENGINEER AND RAILROAD JOURNAL, JUNE, 1900. 








ATLANTIC TYPE, FAST PASSENGER LOCOMOTIVE, PE 
CLASS E1. 
BUILT AT JUNIATA SHOPS, ALTOO] 





June, 1900. 





ANTIC TYPE, FAST PASSENGER LOCOMOTIVE, PENNSYL’ 
CLASS E14. 
BUILT AT JUNIATA SHOPS, ALTOONA, PA. 











TLVANIA RAILROAD. 


A. 














JUNE, 1900. 


AMERICAN ENGINEER AND RAILROAD JOURNAL 181 








lustrated in the April number of the “American Engineer,” and 
which has been christened the “Prairie” type. 

It must be admitted that all of these forms of locomotives 
have been accepted with a good deal of hesitation by locomo- 
tive superintendents and master mechanics generally, which 
may in part be due to the fact that in a number of instances 
the feature which is the distinguishing merit of this form of 
design has been omitted—that is, the wide fireboxes—and in 
one or two other instances unfortunate deficiencies of design 
of such fireboxes resulted in their failure. In this evolutionary 
world every newcomer must adapt himself or itself to its envi- 
ronment. Many cases could be named of mechanical conceptions 
which failed utterly when they were first introduced, and 
which, after being adapted to their environments, became 
brilliant successes. Piston and balanced valves for locomo- 
tives, and cable railroads, are instances. The latter was tried 
twenty years ago on the first elevated railroad, built in New 
York, and failed utterly. Later on it was taken up in San 
Francisco and has been applied successfully on a number of 
roads in other cities, although since then it is being superseded 
by the electric system of overhead and underground trolley 
lines. 

It may be that those who now condemn what might not in- 
appropriately be called (because they are so heavy behind) 
the ‘kangaroo’ species of locomotives, will have occasion later 
on to modify their opinions of them. Thgt plan is the oniy 
one which permits of having a firebox of sufficient length, depth 
and breadth for. engines of the sizes and weights which are 
now required. ‘:ue firebox is the source of power, and if it is 
too small nothing else will compensate for the deficiency. It 
is therefore believed that the future development of the loco- 
motive will embody the “kangaroo” feature; that is, that the 
fireboxes will be behind the driving wheels and will be made 
of a width considerably greater than the space between them, 
and of ample depth. 

The influence of the demand for more powerful locomotives 
is shown in a recent design ‘by the Baldwin Locomotive Works 
for the McCloud River R. R. This consists of two six-wheeled 
engines, coupled together “tail to tail,’ and with a fuel bin 
and a water tank on each. The object of this plan is to attain 
the advantages claimed for the double Fairlie engine, which 
was so urgently advocated thirty years ago. The difficulty 
with the plan shown will, it is thought, be the same as was 
encountered with the Fairlie engines. It was impossible to pro- 
vide sufficient boiler, fuel and water capacity without over- 


loading the driving wheels. If we take the case of a ten-wheel 
locomotive, we have, as in one of the single engines referred 
to, six driving wheels, the requisite boiler and machinery for 
which are carried on ten wheels, and the water and fuel on 
eight more. Now in the double locomotive for the McCloud 
River R. R. each machine must have boiler, machinery, water 
and fuel sufficient for six coupled driving wheels, the same as 
with a ten-wheel machine, and all of these must be carried on 
six wheels instead of on eighteen, as in the ten-wheel engine. 
For any continuous or fast service the six-wheeled engine must 
be deficient in some or all of these elements which are so essen- 
tial for efficiency. The locomotive referred to is intended for 
working only a short distance so that it may have sufficient 
boiler water and fuel capacity for such service, but would not 
have for long runs. 

Some years ago several locomotives of a similar design were 
built by Neilson in Glasgow, for an Indian railroad, but with 
the difference that there was a double-end tender placed be- 
tween the two engines, and they were coupled to it. This gave 
ample capacity for water and fuel, and it would not appear 
to be an unsolvable problem to provide some device by which 
the two throttles and the reverse levers of both engines could 
be operated from either one. A fireman on each would, how- 
ever, be required. 

It would not be surprising if the demand for more powerful 
locomotives should revive the old scheme of double or twin 
locomotives which so many inventors have aimed to make prac- 
ticable. With two “kangaroos” coupled in some way to an in- 
termediate tender, it would be possible to more than*double 
the power of any ten-wheel consolidation or decapod engines, 

ecause the twins might have sufficient grate area, and also, 


What is regarded as of great importance, ample combustion 
Space. 


LOCOMOTIVE TENDERS. 





Several Examples of Improved Practice. 





By William Forsyth. 





We recently directed attention to the fact that locomotive 
builders in this country are giving more attention to locomo- 
tive tender design than they have in the past, and drawings 
of several of the best designs have been collected for the 
purpose of illustrating the chief features of the improvements. 

Chicago & Alton 6,000-Gallon Tender. 

Some of the most original work in recent tender design 
has been done by the Brooks: Locomotive Works and the 
tenders for the eight-wheel passenger locomotives built for 
the Chicago & Alton Railroad (illustrated in the American 
Engineer February, 1900, page 55), built by this firm, have 
been admired by all who have seen them. Fig. 1 shows 
the steel frame for the tank which is 22 feet long and has a 
capacity of 6,000 gallons. It is composed principally of heavy 
13-inch channels, four of them forming the longitudinal sills. 
They butt against 13-inch channels at the front and back as 
end sills. The frame stands high with the lower face of the 
channels 3744 inches above top of the rails. This allows the 
straight drawbars, front and rear, to pass entirely under the 
end sills, and the rear bar is arranged with a pin connection 
to the tender and the yoke for an M. C. B. coupler. The 
front connection to the engine is fitted with a spring buffer. 

The center sills are spaced 23 inches apart and this space 
is spanned at four places by heavy box-flanged castings, two 
of them forming the body center plates, and two of them 
the front and rear drawbar connections. The cross bracing 
on the lower flanges is made of 9 by % inch plates each side of 
the center plates and diagonal braces at the central portion 
of the frame made of 9 by % inch plates. On the top of the 
frame there are cross braces 18 by % inches at the front and 
rear ends. At the bolsters there are wide plates 21 by % 
inches, which are riveted to the tops of the center sills, and 
pass diagonally to the bottom of outside sills. It will be 
seen that this tender frame is very substantial, and is a good 
example of straightforward design. 

The water tank for this tender is shown in Fig. 2. It has 
a capacity of 6,000 gallons, and the coal space will hold 
12 tons of coal. The tank is 22 feet long and 9 feet 8 inches 
wide. There are no water legs, but the water space extends 
the full width clear to the front. It is only 18 inches high 
at the extreme front end, and inclines with a gradual slope 
to a point 44 inches back, where the depth is 21 inches; from 
this point it slopes to its full height, 90 inches from the 
back end. On top of this large incline the coal space is also 


the full width of the tank. At the front end it is narrowed 


in to.58 inches and closed by hinged iron doors, instead of 
the usual rough temporary boards. The corner spaces thus 
made in front are utilized for tool, clothes and oil boxes. The 
coal sides are curved out after the English fashion to a radius 
of 7 inches and finished neatly with 144-inch half-round iron. 
The vertical sides of both coal and water spaces are braced 
by 4% by 3 inch tee irons spaced 33 inches apart. Diagonal 
bracing in the water space is made of plates. 

The truck for this tender is shown in Figs. 3 and 4. It is 
a heavy diamond truck with M. C. B. 80,000-pound axles and 
elliptic springs. The bolster is made up of three 9-inch I 
beams. The arch bars are heavier than the M. C. B. recom- 
mended practice, as they are 5 inches wide and the top one 
1% inches thick. This tender weighs empty about 46,000 
pounds. 

Lake Shore Tender for Fast Passenger Service. 

Another and very different design for a tender tank by the 
same builders for the heavy ten-wheel passenger locomotives 
for the Lake Shore & Michigan Southern is shown in Fig. 5. 
This engine was illustrated in this journal in November, 1899, 
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Fig. 3 -Tender Truck, Brooks Locomotive Works. 




















Fig. 5.—Tank for Lake Shore Tenders, 


page 344. This tank is U-shaped with an unusually long slope 
to the coal space. The water capacity is 5,150 gallons and 
the tenders are equipped with water scoops. The bracing 
inside the water space is made of 4% by 3 inch tees, connected 
across by %-inch round bars with, jaws for %%-inch pins. 
There are two rows of these cross braces spaced 18 inches 
apart, the tank being 54 inches high. Both of these tenders 
have elongated manholes for taking water and both are very 
neat in appearance. 
Chicago, Burlington & Quincy Six-Wheel Tender. 

RT te cm mm me ime oh Fig. 6 shows the six-wheel tender built by the Baldwit 
Locomotive Works for the Chicago, Burlington & Quincy Rail- 

















June, 1900. 


AMERICAN ENGINEER AND RAILROAD JOURNAL. 





1838 























gg angle 


4 a ee oe = 































































































- 76 Twer aigle ? 
Section A-B 








u" 














x 


-63"------- >< (P54 
4 
, ns oe “oA 
































Fig. 2,—6,G00-C a'lon Tanks for Chicago & Alton Tenders. 


road, and shown in this paper in May, 
1899, page 141. The deep side frames are 








made of %-inch plates cut out for pedes- 
tals made of cast angles. The center sills 








are 9-inch channels. The end plates are 
1 by 10 inches with oak sills 10 by 12 

















inches at the front and 9 by 10 inches at 
the rear. The wheels are 42 inches .n 
diameter and the journals 6% by 10 inches. 




















The front and middle wheels are equalized, 
the springs and equalizers being inside 
the main side plate frames. The capacity 
of the tank is 4,200 gallons of water and 


























8 tons of coal. The weight of the tender 








empty is 36,800 pounds. The loaded 














tender weighs 86,000 pounds, making 
the weight per journal about 14,000 





pounds. It will be noticed that this tender 
is much lighter than -those with four- 
wheel trucks, but when larger capacity is 
desired the weight per journal becomes 
excessive and in recent Atlantic-type en- 
gines for this road the tenders have four- 














wheel trucks. 


New York Central Standard Tenders. 


On the New York Central a standard 5Z> <] 
tender frame and tender has been adopted 8 
for use in new construction and in replace- 

Ments, except for switching service in case 


a sloping tank is needed, one size and style of tender and frame 
being used for all engines. The construction is shown in Figs. 7 
and 8. The side and center sills are 10-inch, 26-pound channels, 
Secured at their ends by heavy bent brackets to plates ex- 
tending across the frames and to these the wooden end sills 
are bolted. The top faces of the longitudinal sills are tied 
together by %-inch plates 32 inches wide over the bolsters 
and by a third plate 5/16-inch thick and 54 inches wide at the 
center of the frame. The form and substantial character of 
the draft castings may be seen in Fig. 8. This is a very simple 
and strong frame. The total length over the timbers is 21 ieet. 
The tank is 19 feet 10 inches long inside and holds 5,000 
gallons. They are all equipped-with water scoops and it is the 




















Fig. 6.—-Six-W heel Tender, C. 8. & Q. R. R. 


intention to use the track tanks for freight as well as passen- 
ger service. This tank is braced with 4 by 4 by % inch tees 
as indicated in Fig. 7. The manhole in this case is 18 inches 
wide and 48 inches long, the larger dimension being parallel 
with the track. A half end view and section through the tees 
at the joints are shown in Fig. 7. The sides are stayed with 
tees which are crimped over the top and bottom angles and 
there are no cross ties, entire dependence being placed on 
the vertical tees. The top is also stiffened by tees. 

When small tenders are needed for old engines new standard 
5,000-gallon tenders are built and put behind the best engines 
that are several years old, the smaller tenders being released 
for use with the smaller engines. In this way all the expendi-— 
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Fig. 7.—Tank for “ew York Central Standard ~erders 
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Fig. 8.—Frame for New York Central Standard Tenders. 


freight 


ommend 
is in the 


The only change made for the various engines | 


ture for new tenders will be made in the line of standardizing 
and the best tenders will be available for the best engines. 


This practice will save the road a great deal of money and 


The idea of using a single design for passenger, 
and switching service seems to have much to rec 


it. 


various diameters of wheels and it 


when necessary new requirements may be met by new stand- 


ards. 


center castings to suit the 


In all 


putting buffer castings on the rear of passenger tenders. 


We are informed that this tender frame is likely to be 
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on both ends and unusual attention has been given to the 


these tenders the Master Mechanics’ Association steps are US 
hand holds. 


adopted as standard by one of the most prominent of the loco- 





motive builders. 
springs are used under all new tenders and Mr. Waitt says that 


he has had very satisfactory results with them. 


Fox pressed steel tender trucks with elliptic 
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FREIGHT CAR DRAFT GEARS. 





By Edward Grafstrom, Mechanical Engineer Atchison, Topeka 
& Santa Fe Ry. 





If we are to place any reliance whatever in the signs and 
portents of the times, it seems that the immediate future will 
solve the problem of draft rigging for freight cars. Although 
no one not personally connected with the M. C. B. committee 
having the subject in hand can surmise in what line the in- 
vestigations have been made, upon which the committee’s re- 
port at the coming convention will be based, yet the names 
of the members are a sufficient guarantee that an interesting 
and valuable report will be forthcoming. The admirable man- 
ner in which the M. C. B. coupler committee acquitted itself 
of its difficult task at last year’s convention shows what can be 
done by diligent and systematic treatment, and though it is 
not known at the present writing whether or not that com- 
mittee, as such, has since developed its subject further, yet 
it is understood that some, at least, of its members have 
carried on road tests individually, the results of which will 
presumably be given at the convention this year, thus enabling 
the association, with the information already_at hand, to dis- 
pose of that subject intelligently. The draft rigging question, 
on the contrary, has remained in its embryo state, as far as 
the association is concerned, but the signs of the time point 
to important as well as necessary evolutions in the near future. 


The M. C. B. Draft Rigging. 

What is now generally known as the M. C: B. recommended 
draft rigging is nothing more nor less than the antequated 
adjunct to the original draw head, and its principal, if not 
its only, merit is that it is no one’s patent. Since it came 
into existence the draw head has changed into the vertical 
plane coupler, and the latter has undergone a number of modi- 
fications from time to time, while the draft rigging, notwith- 
standing its modifications of 1897, has by reason of its design 
been found impossible by most of the leading roads, and in 
consequence a number of new types have sprung up. The 
car contract shops prefer to adhere to the M. C. B. draft rig- 
ging, however, unless it is otherwise specified in the contracts, 
for the reason that it relieves them of all responsibilty in 
that connection, and many of the railroads are also prone to 
shift the responsibility on the association instead of protect- 
ing their individual interests by the use of more suitable de- 
signs. With the introduction of 80,000 and 100,000 Ibs. cars, 
however, the association cannot afford to continue to lend its 
Name to the old device, and its remains for the committee to 
point out what shall take its place. 

Modern Draft Rigging. 

A few years ago the late D. L. Barnes wrote an interesting 
and comprehensive paper on freight car draft riggings, re- 
viewing and comparing those in use at the time, and what he 
said then has undoubtedly served to guide many railroad offi- 
cials in selecting designs other than the M. C. B. Yet it must 
hot be forgotten that at that time the tail stem was used ex- 
clusively, and many of the draft riggings which he indorsed 
as Strong and durable when gauged by the strength of the 
tail stem, have not lent themselves equally well to the adap- 
tion of the tail strap attachment. The Graham should be 
Mentioned in particular as having been one of those which 
Mr. Barnes singled out for its strength and simplicity. Yet 
-it is not well suited to the use of the tail strap, and neither 
the Mitchell nor the Potter adaptation of the tail strap have 
Succeeded to make the Graham draft rigging as strong as it 
originally was, although, of course, the strap itself gives or 
should give more strength than the stem, at least as far as its 
fastenings are concerned. . 

It is not the intention here to describe in detail the different 
forms of patented draft riggings in use at the present day; 
that has already been done from time to time in the technical 


press. Suffice it to say that the most of them are based on 
the same principle as the M. C. B. recommended type, with 
improvements of more or less merit, principally relating to 
the manner of securing the follower stops to the draft beams 
proper, these improvements taking the form of cases, contin- 
uous castings, etc. The Graham and the Dayton differ more 
from this original type than the others, and are unlike each 
other inasmuch as the Graham was originally designed for the 
use of the tail stem, while the Dayton was designed exclusively 
for the tail strap. Each of the patented draft riggings has, 
of course, its zealous adherents, many of them not withoit 
good reasons, and up to this time they have filled the require- 
ments comparatively well. 


Increased Spring Capacity. 

The panic and following financial depression which prevailed 
during the years 1893-1897 affected the railroads in one notice- 
able way: railroad managers studied carefully the question of 
hauling the greatest amount of freight over the road at the 
least possible expense. Asa result the tonnage rating came into 
general use, thereupon locomotives of the largest practicable 
types took the places of lighter ones, and finally freight car 
capacity commenced to grow up to the present limit of 50 tons. 
The effect of these increased tractive resistances told on the 
coupler and draft rigging, and with special regard to the latter 
it soon became understood that the 1896 M. C. B. spring of 
19,000 lbs. was entirely inadequate under the changed condi- 
tions. To increase the size of the spring was found impracti- 
cable, as the steel bar was already as large as the spring makers 
cared to guarantee. Recourse could therefore be had only 
to doubling the spring, and then a new crop of draft riggings 
sprung up, some with tandem, some with twin springs. Many 
of these were modifications of previously existing forms which 
lent themselves to one or the other method of doubling up 
the spring, while others were entirely new forms designed 
to meet the new conditions. Manufacturers of draft riggings 
dare not nowadays compete for the business unless they have 
a double spring article to offer, and very few new cars will be 
built hereafter with single springs, except perhaps on roads 
where the hauling capacity of the locomotives is limited. 

It is not of paramount importance to discuss which arrange- 
ment of springs is preferable, for the question cannot properly 
be decided without considering the relative merits of the 
draft riggings themselves, and also the construction of the 
cars on which they are used. Some people object to the twin 
spring for the reason that should one spring break, the fol- 
lower or its equivalent would tilt to one side, which might 
damage other parts. It should be said here, however, that if 
the draft rigging is properly designedthe springs should never 
be allowed to be compressed solid. This not only preserves the 
springs, but it also prevents excessive tilting in a twin spring 
arrangement in case of a broken spring, and in a tandem ar- 
rangement under the same cirumstances it prevents the coupler 
from being pulled out so far as to strain the unlocking chain. 

The principal objection to a tandem spring arrangement is 
that it occupies more length, or, in other words, requires the 
bolster to be spaced further from the end sill than is desir- 
able, for it is a recognized fact that unless an unusual amount 
of side play is allowed to the couplers in the chafing irons, 
too much overhang beyond the trucks throws undue strain 
on the knuckles and is apt to cause uncoupling on a sharp 
curve. In most of the tandem spring designs it will also be 
found that the tail strap is one of the weakest parts, unless 
made heavier than usual, on account of the necessary fasten- 
ings for the intermediate follower. 


The Westinghouse Friction Draft Gear. 

The recent demand for increased capacity has again brought 
this device into prominence. So much has been said and writ- 
ten about it that it is here only necessary to define its position 
relative to other draft riggings. The difference in action of 
spring and friction resistance is clearly explained in a recent 
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communication from Mr. E. M. Herr, from which the follow- 
ing is quoted with his permission: 
“The problem of the best draft rigging is to obtain the 
maximum of yielding resistance with the minimum of recoil. 
It is clear that the above conditions cannot be met 
with any springs or combination of springs. They furnish the 
yielding resistance, but the recoil is almost as great, for the 
energy absorbed by springs is merely transformed from kinetic 
to potential, and is again restored to kinetic energy as soon 
as the pressure is removed. The underlying principle of the 
friction draft gear is that it actually destroys the energy, which 


‘ would otherwise be damaging to the cars, while in all other 


forms this energy is only dissipated in actual work on ‘the 
cars,” 

The practical limit of spring resistance has probably been 
reached with the use of two 19,000-lb. springs. To go much be- 
yond this would be unsafe, until couplers and cars are made 
considerably stronger. For present conditions the two springs 
seem to be sufficient. No well-informed railroad man has any 
doubt as to the merits of the friction gear; that it comes nearer 
being a perfect draft rigging than anything else so far de- 
signed is generally conceded, and those who have tried it know 
that it does the work well. 

The Coming M. C. B. Draft Rigging. 

It is a fact worth recording in this connection that the 
present trend of popular taste is indicated by the desire for 
substantial double-spring draft riggings. The popularity of 
cheap, home-made articles, which came into vogue on many 
roads during. the financial depression of the last few years, 
commenced to wane when the heavy steel car was reared. 
We should not, however, look for any special type or design as 
worthy of the honor of. beingthe sole possessor of the M. C. B. 
endorsement. Interchangeability cannot even be expected, as 
in the case of the couplers. But there are certain fundamental 
principles which the approved draft rigging should conform 
to, and these are: 

ist, They must have the necessary strength. 

2d, They should take standard springs. 

3d. These springs should not be allowed to compress solid. 
As springs of the same make vary in height, a limit should 
be set within which no springs could be compressed solid. 

4th, Not more than one or two lengths of tail straps should 

be allowed. 
* By laying down a few broad specifications ‘of this nature, and 
narrowing them up from time to time, it may be- possible that 
the number of draft riggings could be considerably reduced, 
and coming inventors would confine their exertions within 
certain bounds. It would also be more or less of a protection 
from receiving foreign cars with inferior draft riggings, in- 
capable of being hauled indiscriminately in heavy trains. Last- 
ly, it would tend to reduce to a minimum the material neces- 
sary to keep in store for repairs, without interfering with the 
expeditious handling of the cars. 








Mr. McIntosh present an interesting firebox design in his 
article in this issue. He may expect additional advantages 
from the division of the firebox into two chambers with a 
fire door to each. The effect will be to improve combustion 
by always having one of the doors closed and one side of the 


firebox sending hot gases to the tubes, while the other side 
is chilled by the open door and the addition of green coal. 
This is believed to be a very important feature of the plan. 
A similar arrangement would probably tend toward “smoke- 
lessness” in soft coal burning, and the idea is commended to 
those who are considering larger grates for soft coal. 





We take this occasion to express our gratification that our 
efforts to present valuable information in these pages are meet- 
ing substantial support in a rapidly increasing subscription 


list. A larger number of railroad men with responsibilities in 
design, construction and maintenance of locomotives and cars 
have been added since January 1 than during any similar 
period in the history of the paper. 


THE COST OF RUNNING FAST TRAINS. 





Locomotive Fuel Consumption. 





By G. R. Henderson, 





Assistant Superintendent of Motive Power, Chicago & North 
Western Railway. 

That an increase in speed of trains is accompanied by a 
higher fuel rate per mile has long been recognized, and was 
very ably presented by Mr. F. A. Delano, Superintendent of 
Motive Power of the Chicago, Burlington & Quincy Railroad, 
in a paper before the Western Railway Club last winter. The 
actual rate of increase, however, has not, so far as is known 
to the writer, been determined. 

Progressive railroads follow the coal consumption by loco- 
motives with care and watchfulness and make comparisons 
with previous years. These comparisons are almost worthless 
without a unit of work as a basis, and the ton-mile has come 
to be recognized as a suitable unit for this purpose. These 
comparisons may not always be favorable, unless the rate 
of speed has been kept constant or nearly so since the previous 
date with which the comparison is made. As the general ten- 
dency now is toward such an increase af speed, it becomes 
necessary to explain the corresponding apparent extravagance 
in the use of coal. 

It was therefore decided by the Chicago & North Western 
Railway to institute a series of tests that would demonstrate, 
practically, the real values of the question. The unsatisfactory 
measurement of coal and water and the impossibility of main- 
taining constant conditions for any length of time in a road 
test were sufficient arguments for making this portion of the 
experiment upon the locomotive testing apparatus with which 
this road is equipped. The rate of coal and water consump- 
tion for a series of speeds and cut-offs being known, it would 
be easy to determine what could be expected under any con- 
ditions. It was also the intention to make road tests later 
with a dynamometer car, in order to determine the effective 
pull behind the tender in the same series of tests as on the 
plant, and finally to measure the increased resistance due to 
speed of a train over a complete division of the road. 

The dynamometer car tests not yet having been commenced, 
this article will treat only of the results obtained on the test 
plant. The locomotive tested was the standard heavy 10-wheel 
freight engine of the Chicago & North Western Railway, known 
as “Class R,” and has the following general dimensions and 


weights: 
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Lead about % in. at 6-in. cut-off. 

The intention was to run each test long enough to insure 
maintaining conditions, but the rapid wear of the brake shoes 
on the brake wheels of the plant sometimes prevented as long 
tests as were desired. All water measurements were carefully 
made, the coal was weighed, indicator diagrams were taken 
every ten minutes from both cylinders and pressures and tem- 
peratures were recorded, so that we think the results will give - 
a fairly correct indication of what may be expected in practice. 
Ordinary freight coal from Indiana was used and no attempt 
was made to get exceptional or “fancy” results. The accom- 
panying diagrams were plotted from these tests as far as they 
went, and in some cases the loci have been extended beyond 
the range of the tests, where it was thought their direction 
was sufficiently indicated. 

Diagram No. 1 shows the pounds of coal per hour for various 
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speeds and cut-offs. These loci have their real origin 0.08 to 
the left of the diagram, corresponding to the approximate clear- 
ance of the cylinders. As would be expected, the rate of com- 
bustion increases faster than the rate’of cut-off, but not quite 
as much as was expected. This may be explained by diagram 
No. 2, where it will be seen that the water used increases 
slower than the-rate of cut-off, and we have thought that this 
may be due to decreased cylinder condensation at late cut-offs. 

These diagrams show that the limit of the boiler is at 200 
pounds of coal per square foot of grate area per hour, which 
in this engine means three tons of coal per hour. This limit 
fixes the maximum cut-off possible at the various speeds and 
MILES diagram No, 3 illustrates this, as well as the maximum horse 
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power obtained. No. 4 gives the horse-power curves for the 
same series as No. 1. Diagram No. 5 illustrates the variation 
in indicated tractive force for various speeds and cut-offs. 
In all these tests the throttle had full opening. No. 6 gives 
the pounds of cozi per hour for different rates of indicated 
tractive force at various speeds and No. 7 gives the same per 
mile. This shows what increase in the coal bill may be ex- 
pected with increase in speeds, although this does not consider 
the increase in train resistance also due to .ncrease in speed. 
The well-known formula on train resistance will enable 
anyone to combine it with diagram No. 7 and by allowing 
the proper percentage for internal friction and the resistance 
of the engine and tender considered as heavy cars, the coal 
consumption per ton of train may be obtained. These we 
expect to demonstrate practically with the dynamometer car, 
however, and will then be in a position to give actual results. 








THE ARRANGEMENT OF BOILER SHOPS. 





Br F. M: Whyte, Mechanical Engineer, New York Central & 
Hudson River Railroad. 





The declaration that it will be found desirable, if, indeed, 
not necessary, to study the “state of the art” in boiler shop 
design before beginning plans for a new shop, if a fair meas- 
ure of success is to be assured, will probably not be ques- 
tioned, and while any new or old ideas here recorded would be 
better fortified with line drawings and descriptions of present 
shops, it is considered beyond the scope of this article to make 
it, to any extent, historical. References will be made to pres- 
ent shops merely with the intention of illustrating the point 
under conaideration, and the particular shop will not be men- 
tioned. 

In the designs of boiler shops too little attention has been 
given to the kind of work to be done in the particular shop; a 
contract shop, where by far the larger part of the work is to 
be building, should receive different treatment from a shop in 
which a larger part of the work is to be repairing. In the one 
case the movements of material are largely in one direction, 
toward the place where the boiler is assembled; in the other 
the movements are largely in both directions, distributing the 
material from the boiler and then assembling it again; the 
movements must be harmonious for the particular conditions 
and continuous, if best results are to be obtained. The work 
done in the repair shop is also very different from that done 
in a building shop. The location of the shop also will be gov- 
erned partly by the kind of work to be done in it, and whether 
the shop is to be thoroughly equipped, or it is to be dependent 
upon other shops for the use of certain machines, will need 
to be considered. 

It is probable that the consideration of a boiler shop forming 
a part of a locomotive repair plant will interest the greater 
number of readers, and for this reason, and because the sub- 
ject may be limited advantageously in this way, effort will 
be made to keep within these bounds. : 

If a choice of locations is possible, that one should be selected 
which will be most convenient for the transfer of boilers from 
and to the main erecting shop, and, if the boiler shop is to be 
thoroughly equipped so as to be independent of other shops for 
the use of tools, such transfer of boilers should control the 
location of the shop. If, however, the boiler shop is to depend 
upon the blacksmith shop for heading and upsetting bolts, and 
for various small forgings, and upon the machine shop for the 
use of planers, shapers and lathes, then the convenience of 
transfer of boilers may well be sacrificed for a location more 
convenient for the many trips to be made between boiler shop 
and blacksmith and machine shops for the smaller articles. 
Other considerations may fix the location of the boiler shop; 
if there is no transfer table, and the tracks in the erecting 
shop extend longitudinally, then it may be most convenient to 
locate the boiler shop at one end of the machine shop, or in 


such other location that the boilers can be moved from oie 
to the other without too much switching; if the tracks in the 
erecting shop are transverse, a transfer table will probably ie 
provided, and under such conditions the boiler shop should je 
located, other. things being equal, on the other side of the 
transfer table, though not necessarily directly opposite the 
erecting shop. The explanation for this will bring up the 
much mooted question of longitudinal and transverse tracks in 
shops, but this question will be considered only so far as the 
subject under consideration seems to require. 

In those erecting shops having the machinery on one side 
and transverse pits on the other, it will be best to “head” the 
engines out, because this will bring the more particular work 
of erecting nearest to the source of light; the work inside the 
smokebox can be done without artificial light being used !! 
the time; when tubes are removed in the erecting shop, as 
is frequently done, they can be put directly out of the shop 
and out of the way; and engine trucks may be transferred 
readily to a particular part of the erecting shop or to some 
otuer shop where special appliances can be provided to facili- 
tate truck repairs. This will leave the driving wheels as the 
only very heavy parts to be handled inside of the shop. Whee 
the locomotives are “headed” in, the more particular machin- 
ery work will be away from the light; the smokebox work can- 
not be done as well without artificial light most of the time, 
and the inside firebox work cannot be done without artificial 
light anyway; and the tubes must be turned around after 
being taken out and carried the length of the engine, and so 
interfere with the other work on the engine, or they must ve 
trucked through the shop. On the other hand, boilers should 
be placed in the boiler shop with the firebox end placed near- 
est the source of most light (and this is generally at the side 
where the boiler is brought into the shop), because most of 
the repair work is done on the firebox end. Thus it will be 
seen that, to avoid turning the boiler when it is being taken 
from one shop to the other, and to place it most advantageously 
in either shop, the erecting shop and boiler shop should be on 
opposite sides of the transfer table. 

It has been suggested that the boiler shop should be an ex- 
tension of the erecting shop, so that the same traveling crane 
would serve both; this may be satisfactory in small plants 
where the combined demands of both shops would not exceed 
the capacity of the crane; otherwise, there is likely to be much 
friction between shop foremen and considerable waiting, and 
these quickly lessen the value of the crane. 

The cross-section and elevation of the shop will require much 
study, particularly in the first attempt, and an examination 
of the arrangements of the more modern shops will prove of 
inestimable value; but care must be taken lest peculiarities of 
construction made necessary by unavoidable conditions be 
misunderstood as approved design. For a shop of large ca- 
pacity, doing mostly new work, the design that seems most 
satisfactory, and the one followed in a number of the more 
modern shops, is that having a central bay of sufficient width 
for the work to be handled, and the roof over the bay placed 
at such elevation as to give ample clearance for the main 
cranes, as these span the bay. On each side of the bay is 4 
wing, the roof of which need not be so high as that over the 
bay. The width of the wings must be decided with as much 
care as that given to the consideration of the width of the bay. 
and by way of caution it may be remarked that the wings of 
a number of modern boiler shops have been found to be too 
narrow to allow of convenient transfer of.material from one 
machine to another, the machines being located in these wins. 

A standard-gauge track should extend into the building and 
be accessible to the main cranes, to facilitate unloading mate- 
rial and loading finished product. The two wings will allow 
separating the work on rolled and flanged sheets, and the for- 
mer can be advanced through flange punches and shears and 
drills to the assembling floor, while the latter can be advanced 
through shears, planers, punches and rolls to the assemb!ing 
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floor near the riveting machine. The wings can be provided 
with light-capacity overhead cranes, or with one or more over- 
head trolley tracks, because boiler shop machine tools are 9f 
such heavy capacity and of such intermittent action that they 
may well be driven by separate motors, and thus the overhead 
shafting be dispensed with, the lighter machine tools being 
grouped together and driven fiom a short main shaft. 

The main bay, with high roof for the accommodation of a 
large-capacity crane, will be the essential of any thoroughly 
equipped boiler shop, and whether there will be a wing along 
one or both sides of the bay will be decided by circumstances. 
The two will be found most convenient for a large output df 
new work. The riveting tower, or tovers, should be placed at 
one end of the bay, and at the end of the shop opposite to that 
where space is left for extension; this location will allow of 
extending the shop without disturbing the towers, and wili 
make it possible to serve a part of the floor space with the main 
crane and the tower traveler, thus facilitating transfer of loads 
from one to the other. 

The flange fires and furnaces should be ,isolated.from the 
main shop so as to keep the latter free of smoke, and the isola- 
tion may be accomplished with satisfactory results by means 
of a partition wall between the flange room and main shop. 
Attempts have been, and are, made to accomplish the same re- 
sults by placing adjustable hoods over the fires, but the men 
working about the fires generally feel that the others in tie 
shop are no better than they are, and reason that if they can 
work in the smoke the others can, and as a result of this rea- 
soning the hoods are soon pushed out of the way as far as pos- 
sible and are allowed to rust in that position. It sometimes 
happews that the use of the hoods seems to be the best ar- 
rangement possible under the conditions prevailing, and under 
such circumstances they should not be criticised. 

A flange press is a very necessary tool in a well-equipped 
boiler shop, and if the work justifies the installation of a press 
large enough to flange back heads of the locomotive type of 
boiler, then the facilities to be provided for handling the heavy 
dies will fix the location of the press and also of the furnaces 
serving it. In a number of shops where flange presses are 
used the main crane is depended upon for handling the heavy 
dies, and this dependence has made it necessary to use a part 
of the floor space of the bay as storage for the dies. Those who 
have adopted these means will not recommend the practice, 
and in a new shop provision should be made to obviate such use 
of the most valuable floor space. Probably the best arrange- 
ment is to have storage room for formers outside the shop, and 
an overhead hoist commanding the storage space can be pro- 
vided without great cost. The storage space should be of ‘suffi- 
cient area to require as little stacking of the formers as possi- 
ble. When the dies are stored in the shop they are piled high 
to economize in floor space, and as they are generally required 
in the “chain gang” order, “first in, first out,’ the one wanted 
is generally at the bottom of the pile, and the expense of get- 
ting it is considerable. The formers would be more accessi- 
ble, whether stored in the shop or in a storage yard, if stood on 
end, and so arranged they may be stacked two or three tiers 
high without lessening seriously the advantage of the arrange- 
ment. 

Because most of the material used in a boiler shop is heavy, 
the cost for handling should be reduced as much as possible 
by reducing the amount of handling, and this will be accom- 
Plished in the highest degree by receiving shipments of mate- 
rial directly in the shop and locating the storage racks conven- 
iently for the use of the crane in unloading. It is very im- 
bortant, if space allows, to stack the sheets, the larger ones at 
least, on edge, with the identification marks of each sheet ex- 
dosed or as accessible as possible; this method of stacking the 
Sheets is required for the most satisfactory working of the 
“chain gang rule,” to which, like the press dies, the usual 
Method of piling plates conforms. 

Even the hasty manner in which the general arrangement of 





the shop has been treated in the above will not justify omitting 
all reference to two essentials of a first-class boiler shop which 
are’ very generally overlooked, if, indeed, not studiously fe- 
glected; the sanitary arran¢gcments and the foreman’s office. 
Too frequently the boiler shop, like the smith shop and the 
foundry, is considered to be outside the pale of sanitary laws, 
and the protection of street clothes is a nail on a dirty wall, 
the lavatory is a smali can of oil and a piece of dirty waste, 
and a nuisance is made of the inside and outside of the walls 
of the building, and even of the crane-supporting columns. The 
modern shop has a neat, though plain, toilet room, either inside 
the shop, and elevated above the floor, or adjoining the shop. 
and located so as to require the least amount of time to reach 
it from all parts of the shop. It should have both entrance 
and exit doors, if possible, and these spaced several feet dis- 
tant from each other. There should be one urinal and one seat 
for every eight or ten men. The lavatory should be convenient 
to the toilet room, though partitioned from it, and should be 
provided with hot and cold water and a wash bowl for every 
four of five men. There should be in the lavatory a locker for 
each man, the doors to the lockers to be made of wire netting 


or similar material, so that precaution may be taken against 
the accumulation of oily rags and also to facilitate cleaning. 
The foreman’s office should be located centrally in the shop, 
elevated above the floor, and at the same time out of the way 
of the cranes. The walls should be made of glass, as far as 
possible. The office need not be elaborate, and some will think 
that none is necessary because a foreman should be about the 
shop; but the foreman has duties and records which require 
an office, and frequently he needs a clerk. In addition to these 
reasons, a view of the shop at a little distance may have, 
sometimes, very remarkable results. 





Locomotives designed throughout with a view of how good, 
how serviceable aifd efficient they can be made, are not too 
common, and it takes nothing from the credit merited by other 
good engines to express the opinion that the Class E 1 of the 
Pennsylvania, which is so thoroughly illustrated in this issue, 
represents in many respects the best design and construction 
that has appeared in this or any other country. Almost every 
detail exhibits features which will set locomotive men think- 
ing. It has been very successful in meeting the conditions 
for which the design was prepared, the handling of the fast 
Atlantic City expresses. A large number of the details are 
presented, because they are believed to be good examples illus- 
trating principles which have been found satisfactory. They 
do not always tend in the direction of inexpensive construc- 
tion, but it is probable that first cost might be advantageously 
increased, in many directions in view of the possibilities of 
saving in maintenance. The engine is noteworthy, first for 
the large grate, second for the free steam passages and the 
steam distribution, and, third, for the excellent details. ‘The 
designers had in mind the improvement in construction with 


reference to the rigid connection between the cylinders and 
frames, and between the back ends of the frames, also the con- 
struction of parts whereby the taper fits of keys could be made 
entirely upon the planer. The ash pan, throttle valve, the 
main steam valves, the cylinders, the main rod, piston, piston 
rod, crosshead and other details possess unusual interest as a 
study of the locomotive. It is a pleasure and a privilege to be 
given the opportunity to describe and illustrate this engine, and 
those who cannot give such attention to details will find the 
description valuable for reading and for record. We desire ta 
express our appreciation of the opportunity given by the offi- 
cers of the road and for their painstaking kindness in assisting 
in the preparation of the description. 





Mr. Thomas Tipton, Chief Store-keeper of the Rio Grande 
Western, has been appointed Purchasing Agent, with head- 
quarters: at Salt Lake City, Utah. 





Mr. John J. Reid, formerly of the Rhode Island Locomotive 
Works, Providence, R. I., has been appointed foreman of ma- 
chine shops of the Delaware, Lackawanna & Western, at 
Scranton, Pa., and, with his other duties, will have charge o7 
the improvements about to be inaugurated af these shops. 
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CENTRAL WATER LEG APPLIED TO WOOTTEN FIRE 
BOXES. 





By W. McIntosh, Superintendent of Motive Power, Central 
R. R. of New Jersey. 





The wide fire box of the modified Wootten type is attracting 
a great deal of attention of late and will no doubt become more 
generally used as motive power and transportation people be- 
come better acquainted with its advantages, which lie prin- 
cipally in the large grate area, enabling it to steam with very 
inferior grades of fuel. 

There is one disadvantage with the locomotive boiler, how- 
ever, which is intensified in the Wootten type by reason of 
its greater extent, and that is the rather sluggish water cir- 
culation toward the extreme back end, the movement of the 
water in that direction being somewhat interruped by coming 
in contact with the intensely hot side sheets in its movement 
toward the rear. In an effort to improve the circulation in 
this type of boiler and at the same time provide more heating 
surface, I have designed a center water leg, extending from 
the crown sheet to the mud ring level, without other direct con- 


leg being many times compensated for by the large increase 
in heating surface which it furnishes. There should be 
no difficulty in welding the one connection of this water leg 
that is exposed to the action of the fire, so that there will be 
no seams in the firebox nor liability of trouble from that 
cause. The crown sheet should be flanged upward, where the 
seam connecting the flange and water leg, being entirely in the 
water, would also be safely protected from action of the fire. 
The water leg sheet is intended to extend from above the 
eonnection to the crown sheet to provide lugs to which will 
be attached sling stays from the boiler, thereby insuring a 
convenient and reliable means of staying. In addition to this 
it is intended to run some long stay rods from the top of the 
boiler to the bottom of the auxiliary water leg, to relieve the 
other stays from the weight of water and metal suspended 
from the crown sheet. The tie bar that extends across the bot- 
tom of the firebox to prevent spreading is arranged to engage 
the auxiliary water leg, with a view to increasing its stability. 
It is also proposed to use with this boiler a combination 
water tube and shaking grate, the latter to be of the Yingling 
type, each alternating section reversing its movement, which 
in connection with its small divisions has a tendency to work 
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Central Water Leg for Wootten Fireboxes—Central Railroad of New Jersey. 


nections to the fire box, the water being supplied from: the 
front and rear, as shown in the illustration, it being expected 
that the rear connection will accelerate the movement of the 
water passing the side sheets, thereby preventing overheating, 
while the general movement of the water toward the pipes 
below the mud ring will tend to carry to that point the in- 
crusting matter being precipitated and from which point it 
can be blown out. 

No claim can be laid to novelty in applying this center water 
leg, as it has been generally used in marine service, and I 
think it was Milholland who brought out a design for a 
locomotive many years ago quite similar to the one now pro- 
posed; except that it was extended to the door and flue sheets 
and through the combustion chamber, where the seams would be 
apt to cause trouble by leaking, and another disadvantage 
that he labored under was in applying it to fire boxes of very 
small dimensions, where the grate area was insufficient to 
burn the fuel necessary to heat the ordinary walls of the fire 
box. 

The dimensions of the Wootten box are large enough to re- 
ceive this additional water leg and still allow ample grate 
surface, the small loss of grate space occupied by the water 


the fire effectually, while its large proportion ‘of air space in- 
sures thorough combustion and guards against any possibility 
of overheating the fingers. ‘ 

An alternate construction would be to substitute vertical 
tubes of the Babcock & Wilcox type in place of the proposed 
water leg, expanding the upper ends of the tubes into the 
crown sheet and the lower ends into suitable headers connect- 
ing to a longitudinal pipe of liberal dimensions, serving as 4 
mud drum and connecting to the mud-ring and the boiler shell 
in the same manner as the proposed water leg. Long stay rods 
would be run through the tubes from caps under the headers 
to the top of the boiler. I anticipate that with either form 
of construction the results would-be much more favorable 
than could be figured out on a basis of additional heating 
surface. \, ; ‘ 

The writer has long entertained the opinion that circulation 
at the rear of the rectangular fire box is decidedly sluggish, 
and experiments made some years ago on a small sca'e co? 
firmed these views. If the center water leg will open up cot 
tinuous circulation as expected, the result would be apparent 
in increased evaporation and a corresponding fuel econ 
not brought about so much by increased heating surface (whic 
would be about 80 square feet) as through the better absorP 
tion of heat by the continuous and regular movemen of the 
water past the heating surface. 





JonE, 1906, 
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CONTRIBUTIONS TO PRACTICAL RAILROAD 
INFORMATION. 





No. XXVI.—The Ventilation of Passenger Cars. 





By C. B. Dudley, Chemist, and F. N. Pease, Assistant Chemist, 
of the Pennsylvania Railroad. 





It seems not improbable that if a vote of the general traveling 
public could be taken on the question as to what improvement 
or change in passenger cars at the present time would most 
conduce to the comfort of passenger travel, a very large mia- 
jority of the ballots would be in favor of an improvement in 
car ventilation. It is to be confessed, we think, that the dis- 
comfort attendant on riding a number of hours in a stuffy, 
over-heated passenger car, and especially the annoyance and 
discomfort from spending the night in an over-heated, ill-ven- 
tilated Pullman car, are so great that it is not at all surprising 
that not only individual passengers but also the technical 
papers, and, indeed, the general press of the country, should 
from time to time break out into a tirade against the present 
condition of the ventilation of passenger cars. It is claimed 
that there are cases on record, where passenger car windows 
are fastened down, of passengers deliberately breaking the 
glass and paying for the same, in order that they might enjoy 
the benefit of fresh air. We think it fair to say, on the other 
hand, in justice to railroad officers, that the condition of affairs 
is not and. has not been in the past entirely ignored by them. 
They are entirely conversant with the fact that the present 
passenger coach, and especially the Pullman car, is not prop- 
erly ventilated, and it is not because of indifference, but because 
of the extreme difficulty of the problem that no more decided ac- 
tion has been taken in the past. If we succeed in what we have 
planned in this article, we think the difficulties to be overcome 
in the proper ventilation of passenger cars and the reasons for 
the present state of affairs, will be better understood by the 
general public, than they are at the present time. 

The question of car ventilation has been studied more or 
less for a number of years. Under the auspices of the Railroad 
Commissioners of the State of Massachusetts, some fifteen or 
twenty years ago, quite a number of analyses of the air from 
passenger cars were made by Professor Ripley Nichols, of the 
Massachusetts Institute of Technology, Boston. Furthermore, 
not less than fifteen years ago a number of analyses of air from 
the cars of the Pennsylvania Railroad were made, and in 1893 
or 1894 a committee of the Master Car Builders’ Association 
made a long report on car ventilation, accompanying that re- 
port with analyses of air from Pullman cars, together with the 
analyses of air from other cars of passenger equipment. Still 
further, the =records of the Patent Office show a very 
large number of devices which have been suggested from time 
to time by inventors for accomplishing this desirable end. I[t 
should not-be overlooked that most passenger cars have some 
appliances by which fresh air is introduced, or an approxima- 
tion at least toward a system of ventilation. Some of these 
are apparently inefficient and poor, and some are better, so that 
the subject has certainly not entirely escaped attention. In 
addition to what has preceded it may be stated that for not 
less than ten years past very careful and systematic study has 
-been put on this problem by the experts of the Pennsylvania 
Railroad Company, and while it is not proposed in this article 
to show completely what has been accomplished, it is fair to 
Say that very great encouragement has been met with, and that 
the outlook for a successful system of car ventilation seems to 
be very promising. 

The first step in the study of any problem is naturally to 
know what the present state of affairs is. This, so far as car 
Ventilation is concerned, may be briefly stated as follows: As- 
suming that ventilation means change of air, and that what is 

desired is to get sufficient fresh air into a car and to remove 
the foul air, the analyses above referred to indicate that the 


ordinary passenger coach and Pullman car get from one-sixth 
to one-tenth as much air per hour through them as is required 
for good ventilation. There is a fairly close agreement between 
the analyses from all the sources mentioned above, so that we 
may, perhaps, be entitled to conclude that a very much larger 
amount of air than is at present obtained, is requisite for good 
ventilation in passenger cars. 

Perhaps we shall best make clear what follows by asking a 
series of questions bearing on this subject, and answering these 
questions to the best of our ability. But before doing this it 
may not be too much to say that no problem in engineering 
has, in our judgment, ever been undertaken which is so fraught 
with difficulties as the ventilation of passenger cars on rail- 
roads. A few words will make this point clear. 

An ordinary passengér coach contains about 4,000 cu. ft. 
of space. It is proposed to take into this space sixty persons, 
to keep them in this space continuously without allowing them 
a chance to get out, for from four to six hours at a time, to 
keep these persons warm enough for their comfort in winter 
and to supply them with the proper amount of fresh air, and 
at the same time to exclude objectionable material, such as 
smoke, cinders and. dust from them. Certainly here are diffi- 
culties enough. The shape of the car itself, being long and 
narrow, the very small space compared with the large number 
of people, the question of keeping the people warm, and the ex- 
clusion of objectionable matter from them—each one of these 
items is a problem in itself, sufficiently difficult to tax the skill 
of the best experts, and when all are combined in one it is little 
wonder, apparently, that progress has been so slow. 

The first question which we will consider is: Is it necessary 
to ventilate cars both winter and summer? It would naturally 
be expected that the doors and windows would be sufficiently 
satisfactory sources of fresh air in the summer season, and 
that, therefore, it would only be necessary to study the subject 
of car ventilation for the winter. Unfortunately part of the 
problem, as already stated, is to exclude objectionable material 
from without and on dusty roads, it is absolutely essential, 
even in warm weather, to keep the doors and windows closed 
on account of dust. Furthermore, smoke and cinders from the 
locomotive not infrequently are annoying even in the summer 
season, so that it seems fairly probable that a good system of 
ventilation should be operative both in winter and in summer, 
and in the studies above referred to in connection with the 
Pennsylvania Railroad, thiS phase of the case has been con- 
stantly in mind. 

The next question is: Is it possible to have a ventilation sys- 
tem apart from the heating system? It has been urged in the 
technical press, and-in conversation with would-be experts, that 
it is an easy. matter to ventilate cars: simply let air in, and 
provide places for the foul air to get out. We are compelled to 
say that we think this is a very unsatisfactory view of the case. 
In this climate it is simply impossible to let fresh air into 
the cars in the winter season without warming it, and, con- 
sequently, it is perfectly clear that studies on ventilation must 
at the same time take into account the heating system of the 
ear. Some systems of car ventilation, if they may be called 
systems, are little more than apertures in the car, and some so- 
called systems simply attempt to exhaust air from the car, 
without providing inlets. So far as our knowledge goes, 
the experience with these systems is that neither of them can 
be used for any length of time. One can stand a little cold air 
for a few minutes, but as will be seen a little later, when we 
come to consider the amount of air required, it is a little short 
of an absurdity to attempt to ventilate a car without at the 
same time warming the air. 

Just at this point a very interesting question comes in, name- 
ly: Is there any means by which we may know when a car is 
well ventilated or not, and if so what is this means? Upon this 
_point it is fair to say that there does not seem to be agreement 
among the experts, and it is possible that as time progresses 
and our knowledge increases, the rule which is given below 
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may not be auuered to, but at the-present time the following is 
accepted as the measure of good ventilation. A space, be it a 
car, a room, or a theatre, or whatever may be which is chosen, 
is said to be well ventilated when a person coming into this 
space from the outside fresh air detects none of the odor char- 
acteristic of a badly ventilated space. Unfortunately, we have 
no means of measuring odors, but there is one of the accom- 
paniments of the odor which is characteristic of badly venti- 
lated spaces that is easily measured. 

Let us see if this can be made clear. Three things are con- 
tinually given off from our bodies, namely, carbonic acid, water 
vapor and organic matter. Every time we breathe, we breathe 
out some carbonic acid, we breathe out some water vapor, as 
everyone knows who has been out on a cold morning; and we 
also breathe out, or there is exhaled from our bodies, a certain 
substance, which, for want of a better name, is simply called 
organic matter, and which is believed to be the source of the 
odor. Of these three substances, carbonic acid is easily measur- 
able, and it is customary to take the amount of carbonic acid 
in the air as the measure of good ventilation. 

Many years ago, before this latest test already mentioned 
was introduced, it was customary to place an arbitrary limit 
on the amount of carbonic acid that should be allowed in the 
air in. spaces whicu were saiu to be well ventilated. That is to 
say, twenty years ago, if the amount of carbonic acid in the 
air’in any given space did not exceed 10 cu. ft. in 10,000 
of the air, that space was said to be well ventilated; but later 
studies have changed this view. A very large number of an- 
alyses of air have been made to find the amount of carbonic 
acid that is characteristic of the air when you can just begin to 
detect an odor. In Parkes’ “Practical Hygiene” there is given a 
summary of a very large number of such analyses, giving the 
amount of carbonic acid that is in the air, when one can just 
begin to detect an odor. The average of these analyses indi- 
cates that when two parts, or 2 cu. ft. of carbonic acid 
that comes from our bodies, or the bodies of animals, in 10,000 
of air is found, one can just begin to detect an odor in a closed 
inhabited space. Therefore, two cubic feet of carbonic acid 
given off by human beings or animals in a closed space, in 
10,000 cu. ft. of air, is taken as the test or measure of 
good ventilation. It should be said for information, perhaps, 
that the air in different parts of the world, and from many 
different places, has been analyzed a good many times for 
carbonic acid. From these it is found that there is a certain 
normal amount of carbonic acid in almost any air. The air 
in any room, even if the windows were wide open and the room 
vacant, would contain a small amount of carbonic acid. The 
averages of these analyses—they vary somewhat, in towns the 
amount is larger than in the country—is about 4 cu. ft. in 10,- 
000; that is, 10,000 cu. ft. of air contains normally 4 cu. ft. of 
carbonic acid. If we add to that the two that come from 
our bodies we would find in a well ventilated space an 
amount of carbonic acid not exceeding 6 cu. ft..in 10,000. 
The various analyses referred to in the early part of this> 
article show carbonic acid varying from about 15 to 25 parts 
per 10,000 in the air of cars. If we deduct the four parts which 
are characteristic of normal air, this leaves from 11 to 21 parts 
per 10,000 furnished by the passengers, and since good ventila- 
tion, as already stated, should only show an increase of car- 
bonic acid of two parts in 10,000 over the normal, it is evident 
that, as already stated, the passenger and Pullman cars of the 
country are apparently getting approximately from one-sixth to 
one-tenth the amount of air that is required for good venti- 
lation. 

The point which we are leading up to, and which we will 
discuss in the next paragraph is: How much air is actually re- 
quired per car per hour in order to give satisfactory ventila- 
tion? Before taking up this question, however, there is another 
question that must be discussed, and that is: How much car- 
ponic acid do human beings give off per person per hour? A 
good many experiments have been made on this point by dif- 





ferent investigators. It is found, if we are right, that men 
give off more than women, and children less than either, and 
that a man at vigorous work gives off more than a man iy 
idleness. The studies show, so it is stated, at least in Parkes’ 
“Practical Hygiene,” that the average of a mixed community, 
men, women and children, as they occur, give off 6/10 of a 
cubic foot of carbonic acid per person per hour, part of this 
coming from the lungs and part from the skin. Since the 
people traveling on cars may be fairly regarded we think, as 
representing a mixed community, that is to say, men, women 
and children, it will, perhaps, be safe for us in our calculations 
co use this figure, 6/10 of a cubic foot of carbonic acid per per-. 
son per hour. 

This brings us to the discussion of the question, just previ- 
ously stated, namely: How much air per car per hour is needed 
to properly ventilate a car? It is apparent that if each person 
gives off 6/10 of a cubic foot of carbonic acid per hour, and 
there are 60 people in the car, there would be generated or 
given off in -the car per hour, 36 cu. ft. of carbonic acid. 
The problem then becomes: How much air is it essential to mix 
with these 36 ft. of carbonic acid in order that the resulting 
mixture shall contain 2 cu. ft. of carbonic acid in 10,000 of the 
mixture in addition to the 4 cu. ft. which are characteristic of 
the normal air? This is a very simple proportion, namely, if 
10,000 cu. ft. contain 2, how many thousand cubic feet will ve 
required to contain 36 cu. ft. on the same ratio? Making the 
calculation and we reach the astounding figure that in order to 
have a passenger car well ventilated, in accordance with the 
tests and data that have already been given, it actually re- 
quires that 180,000 cu. ft. of fresh air per hour should be taken 
through the car. We fancy most railroad operating officials, as 
well as the general public, who have not given the subject care- 
ful consideration, will be astonished at this figure. It actually 
means that the air in a car must be changed about 45 times an 
hour or once in about 80 seconds. 

It is fair to say that in the best information which we can 
get hold of on ventilation, this is the figure adopted, namely, 
3,000 cu. ft. of fresh air per person per hour are requisite 
for good ventilation of closed spaces. In other words, the best 
authorities that we can consult on the subject lead up to this 
figure. Two points, however, may be mentioned as: possibly 
modifying these requirements. First, some studies were con- 
ducted a few years ago in Washington, the results of which 
were published by the Smithsonian Institution, the object of 
which among other things was to find out to what the drowsy 
feeling that we have noticed when in ill-ventilated places was 
due. These studies did not reach any definite conclusion as 
we read them, but seem to point to the conclusion that 3,000 
cu. ft. of air per person per hour was a large figure. The 
authors of the paper were, however, very cautious, and while 
their studies did not succeed in isolating any poisons given 
off from the bodies of human beings that would produce 
drowsiness, and possibly more serious consequences, they 
finally say in so many words that their experiments do not 
entitle them to change the ordinarily accepted figure. 

Other points bearing on this question are the experiments 
made with the human calorimeter, in connection with the Mid- 
dletown University, by Professor Atwater. In conversation 
with him on the experiments made with this calorimeter, it was 
stated that there seemed to be no complaint from the inmates 
of the calorimeter, due to an increase in the amount of car- 
bonic acid. The analyses of the air taken out of the calorime- 
ter might indicate very much larger amounts of carbonic acid 
than any figures given above show, and yet the inmates did not 
complain of drowsiness or of any unpleasant feeling. If, how- 
ever, the amount of moisture in the air got much above the 
normal, drowsiness and unpleasant feelings, with occasional 
headache, seemed to result. With the present state of our 
knowledge, the best that can be said is perhaps that the ques- 
tion as to the absolute amount of air required for good ventila- 
tion is in a moderately uncertain condition, and that there 8 
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need for much more definite work on the subject than has yet 
been done. For information it may be stated that so high a 
figure as 180,000 cu. ft. of air per car per hour has not been 
attempted in the experiments referred to above on the Penn- 
sylvania Railroad. To get such an amount of air as this through 
a car per hour, and to warm it in severe weather, is a more dif- 
ficult problem than we have ever attempted to solve. The ex- 
periments on the Pennsylvania Railroad have been confined to 
at attempt to get 60,000 cu. ft. of air per car per hour, or 1,000 
cu. ft. of fresh air per person per hour through the car. 

Questions in regard to the amount of heat and heating sur- 
faces required to heat 60,000 cu. ft. of air per car per hour, 
questions in regard to the appliances made use of-in accom- 
plishing the results thus far obtained, questions in regard to 
the details of the experiments, questions in regard to the exclu- 
sion of objectionable matter from without, the method of ob- 
taining control of the system, the analyses of the air from cars, 
with and without the system, etc., will have to be deferred to 
another article. Two points farther may perhaps be reasonably 
touched upon in this article. 


The first of these has a bearing on the attempts made so often 
by those who have not apparently sufficiently studied the prob- 
lem, to get ventilation by putting on ventilators. In one 2f 
our experiments as many as 20 Globe ventilators were put on 
the deck of a car, proper appliances having been made use of, 
as was supposed, to admit sufficient air to the car. It was found 
as the result of these experiments that the ventilators on the 
front end of the car, especially when the wind was ahead, acted 
s0 vigorously in producing a vacuum in the car that actually 
the Globe ventilators on the rear portion of the car took in air 
instead of exhausting it, as it would naturally be supposed 
they would do. In other words, this experiment, we think, 
most conclusively proves that there must be a proper relation 
between the supply of air and the exhaustion of air. It may be 
worth mentioning that the peculiarity found when the car 
was running was that the rear of the car was a great deal colder 
than the front end, and in the attempt to find why this was 
so, the point mentioned above, of the cold air coming in 
through the Globe ventilators in the rear of the car was de- 
veloped. We are very firmly convinced that exhaustion of air 
from any space is not ventilation. There must be fresh air 
supplied as well as the removal of all polluted air from the 
space that it is sought to ventilate. 


One question further: How is it possible to measure the 
amount of air that goes into and out of a car per hour? We 
have already spoken about the enormous amount of air re- 
quired, according to present ideas, for successful ventilation, 
and also that the attempt had been made in the experiments on 
the Pennsylvania Railroad to get 60,000 cu. ft. of air required 
through the car, but how do we know, or what means is there 
for telling whether we get 60,000 or 40,000 or 100,000 cu. ft. of 
air per car per hour through the car? This problem is not so 
simple as it looks. Obviously, with the leakages and the fric- 
tion of the air in the ventilators, any attempt to measure the 
amount of air by taking the velocity of the current issuing 
from the Globe ventilators would be fallacious. The air issues 
hot only from the Globe ventilators which are put on for the 
purpose, but also from the ventilators over the lamps. Further- 
more, any attempt to measure the velocity of the current from 
the intakes would probably result in failure, owing to the fact 
that around doors and windows there are constant leakages; 
80 it is obvious that some means of measuring the air other 
than by taking the sizes of the apertures and velocities through 
these apertures must be made use of. 

The data already mentioned, we think, gives us a means of 
getting at what we are seeking. It has already been stated 
that the average of a mixed community gives off 6/10 of a-cubic 
foot of carbonic acid per person per hour. If now we have a 
definite number of people in the car, and can safely assume that 
om the average a certain amount of carbonic acid is given off 
Der person per hour, it is obvious that we can very readily cal- 


culate how much carbonic acid per hour we have to deal with; 
and tius being known, a very simple calculation, as already 
shown above, will give the amount of air required to dilute this 
to any given figure. What was actually done in our experi- 
ments was, the cars were loaded with men from the shops, in 
charge of a foreman, so that the doors and windows could be 
kept closed, and a trip of 30 or 40 miles made. Toward the 
end of the run, samples of the air in the car were taken, which 
were analyzed for carbonic acid. If, for example, it was found 
that the amount of carbonic acid in the sample showed 11 parts 
in 10,000, we have the data to calculate how much air passes 
through the car per hour, as follows: It has already been 
stated that the air normally contains four parts of carbonic acid 
in 10,000. If we diminish the 11 by 4, it is obvious we have 7 
parts of carbonic acid per 10,000 of air as given off from_the 
passengers. There being, say, 60 men in the car, and since they 
are full grown laboring men, the amount of carbonic acid given 
off being stated by the authorities as somewhat higher than 
the average of a mixed community, say 0.72 cu. ft. per person 
per hour, instead of 0.60 cu. ft., it is obvious that we have 
43.20 cu. ft. (60 X 0.72 = 43.20) of carbonic acid to deal with, 
and our problem really is, How many cubic feet of air are re- 
quired, in order to dilute 43.20 cu. ft., so that the amount will 
be 7 parts in 10,000 of the air? Now, by a very simple propor- 
tion, if 10,000 cu. ft. of air contain 7 parts of carbonic acid 
given off by the passengers, how many thousand cubic feet of 


air will be required to dilute 43.20 cu. ft. to the same ratio? 
Making the calculation, we get, under the conditions sup- 
posed, a trifle over 61,700 cu. ft. It will be understood that 
in this calculation extreme accuracy to the amount of a few 
cubic feet is not aimed at, and also that since the cubic feet 
of space in -a car is so small, and the air in the car changed 
so frequently, the amount of air in the car to start with has 
been ignored. 

It is, perhaps, not premature to say that the system worked 
out on the Pennsylvania Railroad has been in use on five cars 
for considerably over a year. It may be too soon to speak pos- 
itively farther in regard to the success of the system, and it Is 
possible that additional experimentation will be needed before 
it can be called satisfactory. It is not too much to say, how- 
ever, that the outlook is hopeful. 








Mr. R. H. Soule, Member A. S. M. E., recently resigned as 
Western Representative of the Baldwin Locomotive Works, 
and has opened an office at 71 Broadway, New York, as Con- 
sulting and Designing Engineer. He will make a specialty of 
plans and specifications for locomotives, cars, shops, machin- 
ery, power plants, mechanical and electrical equipment, investi- 
gations and reports, also appraisals and valuations. We know 
of no one better able to bring so varied and extensive an expe- 
rience to bear upon such questions, and doubtless many railroad 
officers will be glad to avail themselves of his opinions and 
advice. Mr. Soule is splendidly equipped for the greatest mo- 
tive power responsibilities, and while no single corporation will 
now enjoy his exclusive attention, his work will remain in the 
line of transportation subjects, but his field is widened. He 
graduated from Harvard College in 1870, and from the Massa- 
chusetts Institute of Technology in 1872. After spending two 


and a half years in machine shops, such as the Southwark 
Foundry, Philadelphia, he entered railroad service in the Me- 
chanical Engineer’s office of the Pennsylvania. After passing 
through the grades of Signal Engineer and Assistant Engineer 
of Tests, he was made Superintendent of Motive Power, succes- 
sively, at Baltimore, Williamsport and Columbus, Ohio. After 
that he served two and a half years as Superintendent of Mo- 
tive Power of the West Shore, then for one and a half years in 
the same capacity on the Erie, and held the position of Gen- 
eral Manager of the Erie for one year. Following this he was 
General Agent for the Union Switch and Signal Company, and 
for six years was Superintendent of Motive Power of the Nor- 
folk & Western. For the past two and a half years he has 
represented the Baldwin Locomotive Works in Chicago. 





We are informed by Mr. J. H. Hadley, President of the 
International Power Company, that Mr. Joseph Lithgoe, Su- 
perintendent of the Locomotive Works at Providence, R. L, 
has not resigned as has been stated. 
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REPAIRS TO STEEL FREIGHT CARS. 





By C. A. Seley, 





Mechanical Engineer, Norfolk & Western Railway. 





The ordinary facilities for freight car repairs, as found on 
most railroads, may be summed up as follows: an arrange- 
ment of tracks more or less conveniently located for re- 
ceiving bad order cars, and discharging them when repaired; 
a small store of standard material; a smith shop and a supply 
of tools, wrenches, jacks, etc., and a small paint outfit. The 
class of labor employed is somewhat higher in grade than 
common labor, although more largely recruited from that 
class than from the trades. The ordinary repairs of wooden 
cars may be cheaply and expeditiously handled under an ar- 
rangement, such as above described, although one of the 
Western roads whose shops and methods have been recently 
extensively written up in the railway press, has arranged 
to bring the cars to the men and material instead of distribut- 
ing the men and material to the cars. 

Whatever the arrangement of facilities for ordinary repairs, 
the problem of how best to arrange for the repairs of 
the large capacity car which has come to stay as a factor 
in modern traffic remains to be solved. Many of these are built 
entirely of steel, some with metal underframing and wooden 
bodies or hoppers, and the all-steel truck is common to these 
and to a large proportion of the 60,000-pound cars of to-day. 

It goes ‘without discussion that a disabled steel car or 
truck cannot be either cheaply or expeditiously repaired with 
the ordinary facilities. The result is that the broken or bent 
* parts to be repaired, whether rolled or pressed sections, are 
laboriously transported to the main shops for the attention 
of blacksmiths or boilermakers, for cutting apart, repairing 
and re-riveting. These parts are also laboriously transported 
back again after treatment by relatively high-priced labor, 
and in course of time, and generally a long time, the car is 
completed and returned to service. It is not that the time 
to actually do the work is so long, but the conveniences, thé 
system and the facilities for this class of work have not as a 
rule been provided on many railroads. There is no reason why 
the class of labor now employed in wooden car repairs cannot 
be trained to do most of the work required in repairs of these 
heavier cars, if suitable facilities and supervision were pro- 
vided. It is not here contended that it is right to invade 
the domain of the trades, but to show that car repairers, 
many of whom have not served an apprenticeship as carpen- 
ters and yet wield saw and hammer, could be trained to handle 
‘ a sledge and chisel bar or drive a rivet in strictly car repair 
work, 

As a rule, the boilermaker prefers to work on boilers and 
tanks, and bridge or car work is an aggravation when brought 
to his shop. He feels that he is doing other peeple’s work. 
A blacksmith would rather, ten times over, make new arch 
bars and truss rods than straighten and repair old ones. This 
is a phase of human nature which must bend and adapt itself 
to the force of circumstances, but is mentioned in order to 
show the opportunity for the car repairer, who sometimes 
thinks, when a lot of steel cars comes on the repair track, 
that his day is nearly over. To keep this work out of the 
shops and have it done at the repair tracks where it belongs, 
and save the time and expense of extra handling, it is necessary 
to provide the repair track with the facilities and arrange them 
to do the work on a new plan. _ In the first place, it is neces- 


sary to bring the car to the tools, the fires, and the men; and 
in order that these may be used to advantage, cared for and 
be available in all seasons, a shop or at least a partially in- 
closed structure is a necessity, preferably a long: one with 
two or more tracks with working space between them and on 
the sides. One track is to be used for repairs of all steel - 
trucks of steel cars, or cars whose bodies may be of wood and 





repaired elsewhere. The other tracks are for all-steel or stec' 
frame cars, and all tracks should be connected with each othc, 
and with the main lead of the yard system, to facilitate move- 
ments. 

Frequently a bent metal end sill or a sprung side sill or stake, 
or perhaps a bent brake stirrup or step may be straightenci 
without removal from the car, provided heat may be applied. 
Here is an opportunity for a portable furnace and a temporary 
arrangement of fire brick to concentrate the heat, and a jack 
or sledge, or perhaps a simple lever, will often do the resi. 
A gasoline torch will often provide necessary heat and can be 
applied to what may be otherwise inaccessible locations. With 
none of these appliances it will very often cost a great deal, 
comparatively, to cut the defective member off out in the yard, 
take it to the shop for treatment and get it back again. A 
great deal of straightening of plates can be done by a hook, 
a chain and a turnbuckle. Some of these jobs are so small 
that the cost of doing them is out of all proportion to their 
importance, yet they must be done. The car repairer, accus- 
tomed to bolts and nuts and nails, is helpless before a simple 
rivet, merely because he has not the appliances for handling 
them. Riveted parts requiring removal for renewai or 
straightening can be quickly cut loose with a chisel bar and 
sledge or a pneumatic nipper. 

An excellent adjunct for heating channels and other rolled 
sections, now.so extensively used in trucks and body bolsters, 
is an oil furnace, long enough to take in the entire length. 
With a good face plate these pieces can be straightened, gen- 
erally in one heat. An oil furnace is quickly made available 
for use and quickly extinguished, and it can be used for arch 
bars, bent rods and plate work also. An ordinary forge is 
also necessary; and in many situations the entire smithing 
for the yard could be concentrated in connection with this 
work. The stock of tools, drills, etc., must-be governed by 
circumstances and in accordance with the class of cars and 
number to be handled. The supervision of such a shop should 
be in the hands of a man, skilled in handling, heating and 
working of metals, but the major portion of the help required 
may be recruited from the ranks of the car repairers and 
trained for this class of work just as men must be trained 
for wooden car repairs. 

It must be borne in mind that time is the most important 
factor in this calculation. The large cars must be kept in 
service to handle traffic. They are expensive in first cost and 
displace two or three of their smaller brethren, and it is a 
false idea of economy to buy these cars and then provide 
a hand chisel, a ratchet drill and a portable rivet forge with 
which to make repairs, when, by taking advantage of the rapid 
working tools and methods, much time can be saved and the 
car quickly returned to service. It costs about the same amount 
per hour to operate a ratchet drill as it does an air drill, but the 
one will make about six revolutions per minute to one hundred 
and sixty of the other. Note the difference in the execution 
with the same rate of feed per revolution. The same thing 
applies to hand as compared with machine riveting on struct- 
ural work of all kinds. x 

The above described shop should be supplied with com- 
pressed air to operate air drills, nippers and riveters, blow 
the fires, test the brakes, operate jacks and lifts. We find 
all these things in the best locomotive repair shops, and they 
are necessary for handling parts and for doing work in such 
a way as not only to bring the cost down, but save time. It 
is important to get the engines back to service, and why not 
use the same labor and time-saving appliances and methods 
in doing the work to get the large cars back to service? Here- 
tofore the engine and the car were of different materials, on¢ 
of iron and the other of wood, requiring the services of two 
different sets of men and different kinds of supervision for 
their care. Now that the car is largely of the same material 
as the engine, its repairs, in order to be consistent, should 
be undertaken on similar lines as to appliances, and a system 











AMERICAN 


ENGINEER AND 


RAILROAD JOURNAL 195 








Repoir yard 





Store 
and 


lool (oom furnace 


WOOLEN Cars 


Simith shop 
and 





A Suggestion for Facilities for Repairing Steel Cars. 


of labor should be developed to permit the best use of these 
appliances. 

It may be asked, what such an outfit would cost. It may be 
replied that any road contemplating such a scheme will have 
to fit it to their needs and equipment. No two roads are 
exactly alike in these particulars, and as this is a new thing, 
designed to meet a condition that has but recently arisen, 
the details will differ as handled by the different interests. 
Some roads would be wise to extend the scheme, and fit up the 
shop to take in all work on rolled structural material entering 
into railway equipment, such as bridge work repairs, steel 
tender frames and the like. As outlined, however, the arrange- 
ment is applicable to most roads and can be worked in without 
difficulty as to details. 

A plan embodying some of the ideas set forth is herewith 
presented, merely as a suggestion, to be modified as may seem 
necessary to fit it in with existing repair yards. A repair 
house is shown, so located with reference to te general repair 
yards as to serve also as an adjunct or auxiliary in supply and 
repair service. The stores and the smithing for the entire 
yards are here concentrated, the store clerk also having charge 
and care of tools, which for steel car work represents consider- 
able value and outlay on the part of the railway company, 

Many of the tools used in the repair of wooden cars are 
the ordinary tools of the car repairer and owned by them, the 
railway company furnishing wrenches, cold chisels, sledges 
and the like. The ownership of tools for repairs of steel cars, 
however, will necessarily be almost entirely with the com- 
pany, and a good argument for the repair house is on the 
ground that the necessary tools can only be used to advantage, 
cared for and kept track of in a house, and not when scattered 
over an outside system of tracks, 

Communication and transfer of material between the house ™ 
and yards is established by a track running through the smith 
shop and repair house and across the yard. Push car tracks are 
laid between alternate pairs of repair tracks and turntables 
are used at the intersections with the cross track. By these 
means materials can be taken to any portion of the yard: 
These tracks should be standard gauge so that car trucks may 
be transferred to them and run to the repair house when their 
repairs can be better undertaken there, while the body, if of 
wood, may remain in the yard for its repair. 

The repair house as shown has three tracks, each with two 
shallow pits which will be found to be more convenient than 
a level floor. The pits are each to be supplied with air con- 
nections and hose for operating pneumatic tools, testing brakes, 
etc. Overhead handling apparatus will be found more con- 
venient than any other, preferably light hand traveling cranes 
over each pit or section. These are of short span and may 
be made of an I-beam on traveling wheels, the runways being 
supported by the roof trusses or posts. A trolley running on 
the lower flanges of the I-beam and carrying a triplex or other 


multiple speed chain blocks will be found superior to an 
air hoist for the variable work the hoists may perform. A 
gantry crane with a top cross rod and brace of sufficient height 
to clear the ¢ars and to run on rails outside of the regular 
tracks may be preferred by some and are perhaps cheaper 
than the overhead cranes, but do not approach them for 
general convenience and utility. Overhead handling appli- 
ances might be'spared over the section devoted to light repairs, 
as the occasional rivet here or there to be driven can be done 
by hand or, better yet, by a long stroke air hammer, a very 
efficient tool which can be handled almost anywhere and need- 
ing no supporting apparatus save the arms of a sturdy opera- 
tor. For extensive and continuous riveting in rebuilding or 
new work, the overhe&d handling is necessary for the heavier 
air riveters of the yoke pattern, of which several styles are 
available. 

As before stated, many cars are to be shopped for com- 
paratively slight repairs, and yet the ordinary repair facilities 
do not cover them. For this reason the plan shows that the 
cars for light repairs can enter the house on either of two 
tracks, although the center track is intended mainly for truck 
repairing. It may se happen that a road may have a line of 
large cars with poor trucks and good bodies or, to state it 


in other words, the truck repairs may exceed the body repairs. 
In such a case the truck repair track, if properly organized, 
can turn out and store trucks so that by a change of trucks 
a car may be returned to service without the delay of waiting 
for the repair of its own particular trucks other than the 
wheels and axles, which, on account of records, must stay 
with the car. 

A car coming in for heavy repairs would be placed over a 
pit, the air brakes disconnected and the car raised by air 
jacks so that the trucks could be run out and transferred to 
the truck repair track. It is then lowered upon blocking or 
horses and the defective parts removed. 

It is believed that a shop as here outlined, be it an elaborate 
structure or a partly inclosed one, can with good organization 
turn out repairs well and cheaply. It is a distinct departure 
from present methods, but present methods are entirely inade- 
quate and the plan is offered in the belief that the time has 
arrived when many roads must face the situation brought about 
by the use of steel in car construction. 








Mr. H. Rolfe, ‘of the International Correspondence Schools, 
of Scranton, presented an able and interesting paper upon 
bearings at the May meeting of the New York Railroad Club. 
Written from the standpoint of the designer and fitter, it 
gave ‘a treatment of the subject which was unusual and ex- 
ceedingly valuable. We shall refer to it again. 





Mr. Edward Grafstrom has been appointed Mechanical En- 
gineer of the Atchison, Topeka & Santa Fe. He was formerly 
Mechanical Engineer of the Pennsylvania lines west of Pitts- 
burg, under Mr. S. P. Bush, and subsequently Mechanical En- 
gineer of the Illinois Central, which position he leaves to 


accept his new appointment, 
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COMPARATIVE PERFORMANCE OF HEAVY AND MEDIUM 
WEIGHT LOCOMOTIVES. 





Mountain Pushing Service. 





Lehigh Valley Railroad. 





By F. F. Gaines, Mechanical Engineer Lehigh Valley Railroad. 





This piece of track on the mountain cut-off, Wyoming Di- 
vision, on the Lehigh Valley Railroad, as shown by Fig. 1, for 
19% miles has a grade of about 60 ft. to the mile, with frequent 
curves of 8 degrees. The remaining four miles has a grade of 
16 ft. to the mile only, but with a full train it is necessary for 
the pusher to follow until the summit is passed. The princi- 
pal dimensions of the former pusher engines are shown in Fig. 
3, as engine No. 695, and the present pushers as engine No. 
1,300, Fig. 2. Both have wide fireboxes and burn a mixture of 
bituminous and buckwheat anthracite. Engines of the 695 class 
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This brief description by Mr. Gaines and these interesting fig- 
ures represent a careful analysis of the work done by engines 
of the consolidation type as to wheel arrangement, but differ- 
ing as to weight. Engines Nos. 1,301 to.1,310, inclusive, were 
illustrated in our issue of December, 1898. nage 895. They are 











Fig. 2.—Wheel Loads of Heavy Engines. 
Vauclain compounds, having a total weight of 225,082 Ibs., dis- 
tributed as indicated in Fig. 2. The following table gives the 
chief characteristics of this engine: 


Diameter of drivers Over tireS ..........ccccceeeceeeceeeescesenes 55 in 
High pressure Cylinders ........cscceeeceeesceeeeeneeeereees 18 by 30 in 
Low pressure Cylinders .........cccecee eee cee eet eeneeeeeneees 30 by 30 in 
NE ce cna oc shale das Cauddne oe cceseceasenede Balanced piston type 
Boiler PTeSSure ........cecseceeseccescceceeseceeecseceecseseesereuecs 200 Ibs. 
Diameter of boiler in front ......... cece cece cece cece cece ew eerenes 80 in. 
Tubes, rears eacci bc och cbena th iabs sheeted pevas su cunceb tel skanenemage og 
Tubes, Giameter ........ceececcecceceecceecncecsceseeceseesseeeeestecees 
Tubes, Tength. .........cccccccccceceeectecccceecscesensecscoeseres 14 ft. 7% im 
MRE ea in ce guwbbnaddaretecgederssorsaceasbraeeg bases 120 by 108 in. 
CHPREO EOE os ons aide cele ict cennweceescosetscecdacesepesseus 90 sq. ft. 
Heating surface, flues ...........eeseeeeeeee eee seeeedeneceeens 3,890.6 sq. ft. 
Heating surface, fireDOx ...........cceeee cece eee eneeeceneeeeeeees 215 sq. ft 
Heating surface, BOE cic s ce Uiasenes soca een sas osaeeneese 4,105.6 &q ft. 
TACtiVe POWET ....cscccceeeeceescceeecerectscsscceessescesensens 48,403 lbs. 
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Fig. 1.—Grade and Curve Diagram of ‘Mountain Cut-Off.” 


can push, on the average, about 600 tons, and engines of the 
1,300 class can push about 1,000 tons. 

The accompanying table covers the performance of engines 
1,300-1,310 for December, 1899, January, February and March, 
1900; and engines 687-699 for a period of six months in the 
fall and winter of 1898. 

Taking the total costs per ton-mile, it will be seen that there 
is an economy of 23.66 per cent. in favor of the new engines. 
There is also considerable indirect economy to the company in 
the fewer trains run and the greater volume of business that 
can be handled when traffic is heavy. That the latter is no in- 
considerable item will be realized when it is known that all 
through freight, east bound, must pass over this hill: 


PERFORMANCE SHEET. 


OT II ie re rem 1301-1310 Inclusive. 687-699 Inclusive. 
Time for comparison ......... v of 4 mos. Av. of 6 mos. 
Total mileage ................. 1,767.25 * 
Tonnage hauled (tons, 2000 
DRT GUNS Macs ce sivaccassoeiscas $8,543.875 26,690 
Distance hauled (miles) ...... 23.5 23.5 
ME IN ois i cuciece neous iee 88,296 627,115 
Coal used (short tons) ........ 286.909 215.614 
Cost of coal used .............. $221.95 $179.908 
Cost per ton-mile ............ 00028155 - 
Cost of all oils used .......... 6.567 ~ 13.874 
Cost of oils used per ton-mile -0000211417 F 
Cost of water supply ........ 4.33725 3.72 
t per ton-mile ............ 3 J 
aste and other supplies .. 11.33175 13.580 
per ton-mile ............ -000014495 3 
Cost enginemen and firemen 196.2475 234.9 
Cost r ton-mile.............. .000247! .0003745 
Roundhouse men ............. 24.09775 27.2958 
ee ag ton-mille ............. ; 
er cecensihb hha whale vauictes 222.35975 178.077 
Sone so ton-mile ............ . J 
Interest and oe ee 157.50 135.42 
Cost per ton-mile ............ 7 , 
Wi of train arate Rete aces 201.8952 314.3502 
Cost per ton-mile ............ f 
Total cost per ton-mile ....., 001340154 00176548 





The other engines, numbered 687 to 691, inclusive, are also 
of the consolidation type, having a total weight of 150,500 Ibs., 
distributed as indicated in Fig. 3. The following table gives 
their chief dimensions: 


DIRBTOCET OF ATIVOTS. OVEE TIPOM. 62 icccccsvesccicicchscaccscsedecigeace 50 in. 
Cee Beid o F aber ad ck iccsccbhceddewsstehespbuciryed seusacettsaen 22 by 28 in. 
WN Stet i Osi oa 5 ncbmiakae 600 hgh bn bdsbcnncer ddan Richardson balanced 
INE dics bl uc aké ua cuedseednetscse cbaces tenseankebedcacusiean 60 Ibs. 
eB da | SREP Sere ent pe trae a eree. 72 in 
OE os cues paadeeebd be hats ped shh tic hasasadebeacencmekwiees 

MEIN Bg 65s on 3b b6.00 0.054008 hsdbccdbbce chs pew Ckcns beak bbioeel 2 in. 
AURORE RS KG he'g's 03 0 vd.nd'ab (ud60 boss odds dnvedswatee chovkas 14 ft. 3% in. 
EN bois ca haKdaeccdageohdR one sabes senses cee cnsdansees aXe 113% by 96 in. 
Fn ELE EEE TREE TEL OPEL TE Let eee TET OTS ree torr 75 8/10 sq. ft. 
OO, FOO in nce kkinhted sex cicdadacsasivace vee 2,514.53 sq. ft. 
PEEL GRIT, TERING, sch c dAdo oud cvanicecesdbsccncuntsccanen 107.3 sq. ft. 
ROI CUETO SOOM ia oie 0.54.0 cbt caves oss vacdesesdacbeear 2,621.83 sq. ft. 
AG. OO, 0.5. deb.c56bicn60s bbbinsoadbeddidesvad Vescnebionds ees 31,176 Ibs. 


The tenders for both engines are alike in capacity and weight. 
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Fig. 3.—Wheel Loads of Lighter Engines. 


They carry 7,000 gals. of water, 18,000 Ibs. of ‘coal, and weigh 
120,000 Ibs. each. 

It will be noted from Fig. 1 that this is an ‘iis difficult 
piece of track, having 60-ft. grades and eight-degree. curves. 
There are 85 curves in 19% miles, as shown in Fig. 1. The 
tabulation by Mr. Gaines is exceedingly interesting and in- 
structive in comparing these two engines of widely differing 
weights and capacities, and the results as noted above show an 
advan of nearly 24 per cent. in this extremely difficult ser- 
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vice. The combined advantages of compounding and higher 
steam pressure with greater capacity are shown in the first 
table. The figures given by Mr. Gaines are carried out to a large 
number of decimal places, showing the care taken in the calcu- 
lations. His suggestion that there is additional economy in 
the smaller number of trains to handle a given tonnage with 
the heavy engines is an important one. This is, in fact, the 
most important item of saving, since the capacities of the two 
engines are as 10 to 6. The saving in total cost per ton-mile is 
remarkable evidence in favor of modern improvements. The 
heavy engines in this comparison are remarkable for their 
power, particularly that of the boilers. 








THE NEED FOR FURTHER TESTS ON LOCOMOTIVE EX- 
HAUST ARRANGEMENTS. 





By H. H, Vaughan. 





Four years have passed since the report of the committee on 
exhaust pipes and steam passages was presented to the Master 
Mechanics’ Association, which have been years in which this 
subject has dropped out of sight at the conventions, while rec- 
ommendations then made have been put into practical service 
and tested under conditions that have led in the majority of 
instances to their indorsement as substantially correct. There 
are yet, however, many roads whose practice differs consider- 
ably from that recommended, and it is well to remember that 
we tests, exhaustive as they were, and entirely satisfactory as 
far as they went, did not complete the investigation of the sub- 
ject, which, it was then shown, could only be successfully at- 
tacked by the method used, namely, experiments carefully car- 
ried out on a stationary testing plant. 

So far as the best location for the exhaust pipe and its rela- 
tion to the stack are concerned, there is little reason for reopen- 
ing the matter, as these points were most satisfactorily and 
thoroughly settled, but any reader of the report cannot fail to 
be struck by the statement with which the results of the ex- 
periments on single nozzles are closed: “A test with petticoat 
pipe and exhaust pipe, as used in road conditions, shows a bet- 
ter efficiency than any of the experimental arrangements, and a 
decided improvement over the test made with the petticoat 
pipe removed -entirely.”’ It is the introduction of this addi- 
tional factor, the familiar petticoat pipe, that has figured in 
every conceivable form in locomotives for the last thirty years, 
that renders these tests incomplete and prevents their being 
accepted as demonstrating the final and accurate method of de- 
signing a front-end arrangement. Assume, and there is very 
lutle risk in d@ing so, that the form of nozzle, shape of stack, 
and location of exhaust pipe shown most desirable in these 
tests is truly so for an engine without the petticoat pipe, and 
there is still not an iota of evidence to show that they are so 
when that pipe is added. 

In the committee tests the most advantageous arrangement 
without a petticoat pipe was ascertained, and with this arrange- 
ment several different forms of petticoat pipe were tested. The 
road arrangement was then tried and found preferable to others. 
This of itself is practically proof of two facts; first, that the 
best position of the exhaust nozzle, wheh used without a petti- 
coat pipe, is not the best when used with one; and second, 
that a petticoat pipe affords the means of obtaining a more effi- 
cient draft arrangement than can be obtained without it. These 
statements may be questioned, but they accord with general 
Service experience, and, if correct, show that but part of the 
work has been accomplished, and there is need for a continua- 
tion of the experiments in order to settle the best exhaust 
arrangements for draft producing purposes. 

There is a good deal of evidence to show that if such experi- 
ments were made, the best position of the nozzle might be 
found to be considerably different from that in which no petti- 
coat pipe is employed, and there is the added possibility that 
in such a case the change might lead to a more efficient design 


of front end, a question that is, to a certain extent, dependent 
on it. 

While the front end and the draft producing apparatus must 
necessarily be considered as a whole, it is well to remember 
that they are, to a certain extent, independent. The nozzle 
and stack may be exceedingly efficient as draft producers, but 
combined with a poorly designed front end, or one out of 
order, this efficiency may be of no avail. It is reasoning from 
rather slight evidence to state that the deflector plate so com- 
monly employed is an objectionable article, and yet the reason 
for its employment, if looked into, is inconsistent. The nozzie, 
in the position in which it is generally placed, causes the great- 
est vacuum or flow of air above the center of the boiler. The 
consequence of omitting the deflector plate would be that the 
upper flues would have the greater draft and the lower flues 
not enough. In order, therefore, to equalize matters, the de- 
fleector plate is introduced, which, by means of obstructing the 
draft to the upper flues, equalizes it over the flue sheet and 
overcomes the trouble.. In other words, having, at the expense 
of back pressure in the cylinders, obtained the necessary draft, 
an obstruction is placed to prevent the free flow of the gases 
through the flues, thus destroying it. Data are wanting on 
which to correctly estimate the extent of this action, but in 
some experiments carried out by the Rose Polytechnic Institute 
on the Louisville & Nashville Railroad, there is an average of 
0.9 to 1.0 in. of water difference in vacuum between readings 
taken above and below the deflector plate or diaphragm, with a 
total vacuum of 3 to 4 in., and in some readings taken by the 
writer a difference of % in. was found with a draft of from 
2% to3in. Asa fair estimate of the amount of power required 
to obtain 1 in. of vacuum is 2 per cent. of the total power of 
the engine, such a factor is certainly not negligible, although, 
for practical purposes, it may be unavoidable. 

Now the deflector plate is an accompaniment of the high 
nozzle and extended front end, and was little used with the 
older type of;low nozzle, with which excellent results were and 
are obtained. The experience of the Union Pacific Railway 
with low nozzles, short front ends and diamond stacks is a case 
in point, and their experience as to the success of the low 
nozzle is by no means isolated, although it may be ascribed 
to the use of a short front end. The efficiency of the short 
front end has, however, always appeared to the writer as being 
open to question. It is certainly a fact that in the experiments 
of the Master Mechanics’ Association Committee a reduction 
in vacuum.was found when the front end was lengthened, but 
it was not determined whether, with this reduction, there was 
any less air pulled through the fire or not, which is the only 
reason for which a draft appliance is used. In other words, if 
the longer front end allowed the gases to flow more freely to 
the stack, and with less obstruction, the air drawn through the 
fire might be the same, while the vacuum at the nozzle was 
less. This is, of course, merely a surmise, but as the discus- 
sion which Mr. J. Snowden Bell’s recent paper developed before 
the Western Railway Club demonstrated, the best length of 
front end is hardly a settled question. 

To return to the nozzle, tue experience of the Philadelphia 
& Reading is instructive. When the Wootten fireboxes were 
introduced on this road considerable difficulty was experienced 
with the draft arrangements, and the result of many experi- 
ments was the adoption of tne low nozzle with a petticoat pipe 
extending from about 1 in. above the nozzle to 6 or 7 ins, from 
the stack. In the last few years many of these engines have 
been fitted with an exhaust pipe designed in accordance with 
the recommendations of the Master Mechanics’ Association, 
but with this pipe, while the engines would steam, the size 
of nozzle required was less than with the low pipe. With the 
old arrangement no deflector plate is usefl, the netting being 
placed vertically in front of the flues and the draft adjusted 
by changing the distance between the top of the petticoat pipe 
and the stack, The pipe has been made in two of more sec- 
tions, but without apparent improvement. This netting ar- 


















































































































Se pee Ge a ICT : r 


nara A Nae A th A A AO A AT OA SS 





























ten reas 











































198 





AMERICAN ENGINEER AND RAILROAD JOURNAL 














rangement is exceedingly inconvenient for burning soft coal 
and is practically inadmissible for that purpose, but the greater 
efficiency of the low nozzle and pipe is worthy of attention. Of 
course this is not brought forward as a recent discovery, as 
many roads have no doubt had similar experience, and some 
probably exactly the opposite, but it raises a point that may be 


. worthy of attention. If the Master Mechanics’ tests showed 


anything conclusively, it was that the action of the exhaust 
jet depended not on any piston action but on the entraining 
action of the particles of steam. This entraining action prob- 
ably grows weaker as the distance from the nozzle increases, 
and the steam on the edges of the jet loses its velocity. They 
showed that the form of the nozzle had its influence on the 
efficiency of the jet, that nozzle which tended to produce the 
most condensed jet giving the best results. Now it is every- 
one’s experience in viewing a jet, that above about 20 to 30 in. 
from the nozzle the jet begins to curl on the edges, to break up 
into waves, and, from this point on, its entraining action must 
be very small. Is it not possible that the action of the petti- 
coat pipe is to hold the jet together, to keep the steam in con- 
tact with the air for a sufficient time to impart the velocity 
of a greater portion of the jet than just the edges to the air, 
‘and thus to utilize a greater proportion of the energy of the jet? 
Such a supposition appears to accord very well with the ex- 
periments of the committee, and, if correct, furnishes a reason 
for the increased efficiency: The conclusion from such reason- 
ing would be that, given a sufficient length of pipe to impart 
the velocity of the jet to the air, a greater length would make 
but little difference, thus enabling the nozzle to be placed in 
the best position for equalizing the draft without the use of a 
deflector plate. Another would arise to the effect that as long 
as the pipe inclosed the jet while its edges possessed consider- 
able velocity, the action would be substantially the same. On 
the Philadelphia & Reading a front end was applied to-.test 
this latter assumption, in which a low nozzle was used with a 
petticoat pipe placed about 18 in. above it. The netting was in 
hopper form and extended down to the nozzle. This arrange- 
ment, tested both by a vacuum gauge and by the action on 
the fire in service, gave an almost perfect distribution of draft 
without the defiector plate, and, like the other experiments, ran 
with a nozzle about % in. larger than any other engine on the 


. division. It was also an advantageous arrangement on account 


of the gases not being forced through a constricted opening 
at the bottom of the steam pipes. 
Granted that such a discussion as this proves nothing, and 


can only add one or two more forms to the varied selection 
that can be,seen by inspection of the front-end arrangements 
of a number of roads, still the fact remains. that there is a good 
deal still to be learned on exhaust arrangements where a petti- 
coat pipe is used, and that nothing in this respect has yet been 
settled by the admirable experiments of the Master Mechanics’ 
Association. It is to be hoped that a similar investigation may 
be made on this subject which should complete the work so 
thoroughly begun. 








As disclosed to the Interstate Commerce Commission by re- 
ports of its inspector, many roads have been using automatic 
couplers so out of repair that the cars could not be uncoupled 
without the trainmen going between the cars, and being, in 
some cases, obliged to resort to mechanical means to get the 
cars apart. Such a coupler is not automatic, and its use sub- 


jects the men to risks and dangers obviously greater than those 
which existed when the old link-and-pin coupler was employed. 
The Commission has called the attention of the railway presi- 
dents to the defective condition of automatic coupling attach- 
ments in their car equipment. 





Mr. A. A. Bradeen, Master Mechanic of the Eastern and 
Franklin divisions of the Lake Shore & Michigan Southern, 
has resigned, and the jurisdiction of Mr. S. K. Dickerson, 
Master Mechanic at Norwalk, O., has been extended over these 
divisions. Mr. Dickerson’s headquarters will be transferred to 
Cleveland, O., and Mr. T. E. Graham, who has been appointed 


t Master Mechanic, will have his headquarters at 
Norwalk. 


THE WIDE FIREBOX-AS A STANDARD. 





By J. Snowden Bell 





It is not unfrequently the misfortune of improvers to be so 
far in advance of the times that the approval and acceptance 
of their designs in general practice come too late to bring 
them a more substantial reward than mere fleeting fame, The 
Forney engine, which was designed about 1865, and the wide 
firebox, which dates from 1%54, will be recognized as promi- 
nent instances of the tardy adoption of improvements of un- 
doubted merit and value, and each of these has been delayed, 
partly through conservatism and force of habit, and partly be- 
cause its advantages have not been properly and sufficiently 
urged upon those who would be benefited by them. 

The proposition, which is submitted unqualifiedly, that the 
narrow firebox has outlived its usefulness, and that a wide 
firebox should be standard in all classes of locomotives will 
doubtless be considered wholly untenable by many good au- 
thorities, and admitted only with considerable limitations by 
others. It is, however, presented with entire confidence, and 
in view, not merely of theoretical considerations, but also of 
the results of extended and successful practice, and if its pre- 
sentation should, as is hoped, induce a more thorough and in- 
telligent discussion and understanding of the subject matter 
than has heretofore been made and had, the purpose of the 
writer will be fully accomplished. To ignore, without con- 
sideration, the claims of advantage of the wide firebox, would 
be inconsistent with the duty of investigating ‘any suggested 
improvement in his line, not manifestly chimerical or absurd, 
which would seem to be properly imposed upon every motive 
power Officer, and if these claims are sustainable, their money 
value to the railroads is much too great for them to be allowed 
to remain unutilized. 

Since the introduction of the wide firebox, ordinarily so- 
called, in the United States, some twenty-three years ago, it 
has been applied to, and is to-day successfully used, both in 
passenger and freight service, on engines of every type, from 
small four-wheel shifters to the largest and most powerful ten 
and twelve-wheel engines which have been lately constructed. 
It has become practically standard on roads using anthracite 
fuel, and has, within the last few years, been applied for use 
with bituminous coal, to an extent sufficient to warrant the 
conclusion that its general introduction will not be long de- 
layed. Under these circumstances, the time seems ripe for 
thorough consideration of the advisability and economical ad- 


‘ vantage of its adoption, to the exclusion of the ordinary nar- 


row type, as the standard form under any and all conditions 
of fuel and service. 

‘-The comparatively slow advance of the wide firebox seems 
to the writer to have been largely due to the fact that sufficient 
attention has not been given to the subject by officers of 
roads using bituminous coal exclusively, upon which, of course, 
the widest field for the utilization of any improvement in loco- 
motive design is presented, as well as to an impression, as 
general as incorrect, that this type of firebox is advantageously 
adaptable to use only with anthracite coal, and that it neces- 
sarily involves the large increase of grate area and particular 
form and proportions which have been adopted in engines 
using that fuel. Builders who have had greater or less ex- 
perience in the construction of wide firebox engines for an- 
thracite coal have, doubtless, tacitly and unconsciously con- 
tributed to support the erroneous* view referred to as to the 
size and proportions of wide fireboxes for bituminous co:!, by 
their adherence to their practice in anthracite engines and 
their failure to offer any new or special designs for use with 
bituthinous coal. Prior to the construction of the “Prairie” 
type, and the class G 3 shifting engines, of the Chicago, Bur- 
lington & Quincy R. R. (American Engineer, April, 1900, page 
103), no attention appears to have been paid to designiug @ 
‘wide firebox specially suited to bituminous coal, and al! ihose 
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ihat have been built for use with that fuel have been practi- 
cally identical with the constructions previously used with 
anthracite. 

The errors above indicated are so obvious that they do not 
require to be argued against, and their elimination divests the 
wide firebox from much which has debarred it from favorable, 
or even impartial, consideration by those using bituminous 
coal. A discussion, on general principles, of the relative merits 
of large and small grate areas, to be intelligent must be some- 
what extended, and would serve no useful’ purpose here, even 
if space permitted. - It is, however, plainly the fact that the 
most recent and the most approved practice, in narrow fire- 
boxes, is in the line of an increase of grate area to the limit 
permissible under structural and operative conditions. This 
limit, which is soon reached, is imposed by the maximum dis- 
tance through which coal can be fired—an uncertain factor— 
and the distance between the driving wheels—a positive one-— 
and even assuming that an extremely long and narrow firebox 
can be properly fired, which assumption is not believed to be 
warranted, the facts remain; first, that sufficient grate area 
for free steaming with a large exhaust nozzle and economical 
consumption of fuel, is not obtainable; and, second, that the 
space within the firebox widely departs from that which me- 
chanical principles prove to be the most advantageous form, 
i. e., that which approximates a cube. If it be admitted that 
the grate area of a narrow firebox is sufficient, it will be pet- 
ter adapted to economical, combustion of the fuel if it be dis- 
posed more nearly in square than in rectangular form, and 
such preferable disposition of it cannot be had in a narrow 
firebox. Be this as it may, the disadvantage of insufficient 
grate area is manifest and unquestioned; that of excessive 
grate area is problematical and undetermined, and, if it be 
found to exist in a wide firebox, it can be effectually and inex- 
pensively overcome, not only without injury, but also, as will 
be shown hereafter, with positive benefit, to the operative 
efficiency of the firebox. 


Upon the assumption, which it is believed is fully warranted 
by recent practice, that a substantial increase of grate area. 


obtained either by a wide firebox or by an increase in the 


length of a narrow one, is, and is recognized to be, effective 
and valuable in the economical combustion of the fuel and the 
promotion of free steaming, there would seem to be but one 
possible ground of denial of the claim that the wide firebox 
should be standard in all classes of locomotives, i. e., that it is 
not perfectly adaptable in engines of the American type hav- 
ing driving wheels of the larger diameters, as 80 or 84 in. This 
objection is not without force, if a considerable depth of fire- 
box be insisted upon, although the design proposed by Mr. 
Edward Grafstrom, and published in the May issue of this 
journal, page 136, provides a wide firebox engine of this type, 
with 80-in. driving wheels, which embodies all the features of 
advantage of the ordinary narrow firebox engine without any 
apparent objection due to the employment of a wide firebox. 
As the design referred to is stated to be offered as a sugges- 
tion and open to criticism, it may be in order to suggest that 
the facilities for burning coal in the firebox instead of pulling 
a large percentage of it through the tubes, appear so sufficient 
that the utility of the 18-in. smokebox extension, shown in the 
side view, is not at all apparent. An extended smokebox is a 
mere, and an unsatisfactory, makeshift, even with a narrow 
firebox, and should not be permitted to impair the efficiency of 
& wide one, although such an inconsistent combination is to 
be found in some of the latest constructions. 


The Atlantic type engine is so well suited to the require- 
Men's of high-speed passenger service, and has given such 
Satisfactory results on a number of important roads which 
have adopted it, that it is not improbable that in this service 
it will altogether supplant the American or ordinary eight- 
whe:! passenger engine. Comparatively few of the latter class 
engines have driving wheels as large as or larger than 80 in. 
in diameter, and with the smaller wheel used in the great ma- 


jority of cases, the wide firebox is entirely practicable and is in 
use to a large extent, both with anthracite and bituminous 
fuel. The Atlantic type engine is not only admirably and 
perfectly adapted to the application of the wide firebox, with- 
out any practical restriction as to depth, or as to the diameter 
of driving wheels employed, but would also seem to have been 
designed with such an application specially in mind. - Trailing 
wheels under a narrow firebox do not commend themselves 
favorably to those who have been accustomed to utilize all 
weight which may he made available for adhesion, but where 
the advantages of specially large driving wheels and wide fire- 
box are sought to be combined, they are not only entirely in 
accord with the fitness of things, but are also apparently the 
only means by which the desired result may be attained. As 
representative of wide firebox Atlantic engines, attention may 
be briefly called to those of the Erie R. R. burning bituminous 
coal, and the class El of the Pennsylvania R. R. which burn 
anthracite. The Erie engines have Vauclain compound cylin- 
ders 13 and 22 in. diameter and 26-in. stroke, 76-in. driving 
wheels, and a 61-in. boiler with 2,269.8 sq. ft. of heating sur- 
face and 64 sq. ft. grate area. While no record of their per- 
formance is available at this time, it is reported by the motive 
power department to be in the fullest degree satisfactory, as 
there is every reason to believe that it would be. The Penn- 
sylvania R. R. Hl engines have 20% by 26-in. cylinders, 80-in. 
driving wheels, and a 67-in. boiler with 2,320 sq. ft. of heating 
surface and 69.23 sq. ft. grate area. The record.made in July, 
1899, by the Pennsylvania engines is a phenomenal one, in- 
cluding a run of 24.9 miles with a seven-car train, in 18 min- 
utes, or at the rate of 83 miles per hour, and another of 30.6 
miles, with an eight-car train, in 24 minutes, or at the rate of 
76.5 miles per hour. It will doubtless be admitted that no 
narrow firebox would be capable of making steam for such 
runs as these, which, while of course exceptional in service, 
are indicative of the ample capability of the engines to meet 
all the requirements of ordinary high-speed work and to ex- 
ceed them upon required occasions. 


The numerous instances of wide firebox engines now run- 
ning in ordinary passenger, freight, and shifting service, suffi- 
ciently prove the entire adaptability of the wide firebox to use 
on engines other than those having the largest sized driving 
wheels, and the recent Prairie and G3 engines of the C., B. & 
Q. R. R., which are the first examples of independent design 
in wide fireboxes for bituminous coal, are of interest as illus- 
trating the utilization of a comparatively moderate increase 
of grate area over that afforded by the narrow firebox, the 
grate of the Prairie engines being only 42 sq. ft., while at the 
same time, as deep a firebox is obtained as is believed to be 
necessary for burning bituminous coal. 


The more recent constructions of wide firebox boilers differ 
in several particulars from those introduced by Myr. J. E. 
Wootten on the Philadelphia & Reading R. R. in 1877, from 
which the type took its name. The Wootten boilers proper had 
quite shallow fireboxes, and a combustion chamber in the 
waist of the boiler, which was separated from the firebox by 
a brick bridge wall. The engines being designed for burning 
anthracite coal, the grate area was very large, being usually 
76 sq. ft. or more. The form of combustion chamber employed 
was objectionable in some particulars, and the firebox was not 
generally considered to be sufficiently deep for use with bitumi- 
nous coal. For these, among other reasons, its adoption with 
the latter fuel has been neither rapid nor general. In later 
wide firebox boilers; the combustion chamber was omitted, the 
firebox was deepened, and the form of the crown and outside 
sheets was changed, to present easier curves and admit of 
more perfect staying. In some instances, Belpaire tops have 
been used, and a good example of this form is to be seen in 
the Prairie type engines. Early in the use of wide firebox 
boilers with bituminous coal, it was found that the grate area 
could be reduced with advantage by covering the grate for 
about 3 or 4 ft. from the front with fire brick. It will be seen 
















































































Schenectady 8-Wheel Passenger Locomotive, Fitchburg R. R. 
Fitted with the “ Front End” Arrangement Shown on Page 201. 


that this did not effect any material reduction of firebox heat- 
ing surface and it attained the additional advantage, which is 
undouptedly an important one, of providing a combustion 
chamber within the firebox. 

A wide firebox boiler without a combustion chamber in the 
waist, and having the front portion of the firebox unprovided 
with an open grate, either by covering the grate at that point 
as above described, or by shortening the grate and having the 
front portion of the firebox in communication with an air-tight 
ash pan, as generally indicated in the design of Mr. Grafstrom, 
before mentioned, will be found to answer all the require- 
ments of burning bituminous coal, or low grade fuel of any de- 
scription, effectively and economically. If the expedient of a 
fire brick pavement, which is simple and inexpensive, be 
adopted, the grate area is practically adjustable and more or 
less may be used, according to the character of the fuel. In 
either case, a combustion chamber in the firebox is provided, 
and this without the cost of a special construction for the 
purpose. The advancement of a combustion chamber, as such, 
have always been recognized, but the practical objections to 
combustion chambers located in the waist of the boilers have 
been sufficient to cause them to disappear from modern prac- 
tice. In a wide firebox designed some years ago by the writer, 
the firebox is divided, by a central water wall, into two inde- 
pendent furnaces, each having a brick pavement and bridge 
wall at such distance from its front as to form a combustion 
chamber. The water wall terminates back of the flue sheet 
so that no flues need be omitted and the products of combustion 
pass from the combustion chamber of each furnace directly 
into the flues. In a firebox of this class, designed for burning 
bituminous coal, 45.5 sq. ft. of grate surface is provided in the 
two furnaces, and the grates can be easily fired, being only 
6 ft. 6 in. long by 3 ft. 6 in. wide. 

The wide firebox being thus applicable in all types of en- 
gines, being the only form in which the grate area may be in- 
creased to any extent desired without such increase of length 
as prohibits proper firing, and being also the only form in 
which most low grade fuels can be burned successfully, or 
even burned at all, the claim that it should be standard for any 
and every type is at least sufficiently reasonable to merit con- 
sideration. It possesses every advantage and possibility which 
can be ascribed to the narrow firebox, together with substan- 
tially greater ani more important ones, and such objections as 
have been urged against it, seem, in the light of the satisfac- 
tory results of extended practice, to be more imaginary than 


real. 








_ 


Mr. G. C. Bishop, Assistant Master Mechanic of the Penn- 
sylvania Railroad at Altoona, Pa., has been appointed Assistant 
to the Superintendent of Motive Power of the Northwest sys- 
tem of the Pennsylvania lines, with headquarters at Fort 


Wayne, Ind. 








Mr. Willis C. Squire, Engineer of Tests of the Atchison, 
Topeka & Santa Fe, has resigned to accept the position of 
Mechanical Engineer of the St. Louis & San Francisco at 
Springfield, Mo. He is well qualified for this position by a 
long and unusually wide experience. 





TURNER’S NEW SHORT “FRONT END.” 


Designed by Mr. J. S. Turner, Superintendent of Motive Power, 
Fitchburg Raflroad. 





The original extended front end was designed to hold all of 
the sparks passing through the flues, and for several years after 
its introduction this was accepted as a necessary feature, but 
experiments have proven conclusively that only a small per- 
centage of sparks are held, To illustrate, in a 100-mile pas- 
senger run, the front end will fill in the first twenty-five miles 
to a certain line commencing forward about the height of the 
center of the smokebox door, and gradually tapering down to- 
ward the rear, ending just in front of the lower edge of the 
diaphragm plate. The question then arises as to what becomes 
of the sparks during the remaining run of seventy-five miles. In 
the majority of cases the sloping accumulation acts as a deflec- 
tor and throws the sparks which now pass through the tubes 
more violently against the netting are not large enough to pass 
through, and if the meshes of the netting are not large enough, 
it will become clogged, destroying the draft and the front end 
must be cleaned out during the run. 

One of the conclusions of the committee of the Master Me- 
chanics’ Association on the subject of locomotive front ends 
reporting in 1896 has been very generally accepted and endorsed 
in recent practice, viz.: the advisability of shortening the 
smokebox. The committee said: “Sufficient area of netting can 
be put into a smokebox which is long enough to give room 
for a cinder pocket in front of the cylinder saddle.” The ques- 
tion arises: Why shorten up the smokebox and still continue to 
use a cinder pocket, for the shorter the box the quicker the 
accumulation of cinders, provided the old idea of retaining all 
the sparks is intended? The cinder pocket and long front end 
are of ho practical value whatever to a locomotive, and front 
ends designed in 1892 with a view of proving this have now 
resulted in an arrangement designed by Mr. J. S. Turner, Su- 
perintendent of Motive Power of the Fitchburg Railroad, and 
applied to four heavy passenger engines built by the Schenectady 
Locomotive Works, and eight engines now being built by the 
Baldwin Locomotive Works, for that road, four of which are 
duplicates of theeight-wheel Schenectady engines, and four ten- 
wheel for fast freight service. The recent design is shown in 
the accompanying half-tone engraving, and represents the short 
front applied to the eight-wheel Schenectady engines. 1 hese 
engines have a total weight of 130,000 pounds, 85,000 pounds 
being on the drivers. The cylinders are 19 x 26 in., drivers ‘4 
in., and the boilers carry 200 pounds steam pressure. The heat- 
ing surface is 2,200 square feet, and the grate area 31 square 
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New Arrangement of “Front End”’—Fitchburg R. R. 
Designed by J. S. Turner, Superintendent of Motive Power. 


feet. These engines have been in service for the past six weeks, 
hauling heavy fast express trains, which were previously hauled 
by ten-wheel engines having 117,000 pounds on the drivers. 
With a fair grade of bituminous coal the engines steam excep- 
tionally well, with a 5-inch single nozzle, and with coal the 
quality of ‘“Pocahontas” it will probably be possible to increase 
the nozzle to 5% inches in diameter. 

As shown in the drawing, the stack is extended down into 
the front end with a telescopic adjustment, and the dimensioa 
(4 inches) showing the height of the flare above the nozzle is 
about the correct height. The combination is completed by a 
deflector plate at an unusually flat angle, terminating in front 
of the exhaust nozzle, and by the wire netting as shown. To 
the lower edge of the deflector plate is attached a sliding plate 
which, in connection with the telescopic pipe, can be adjusted 
to produce an even draught on the fire. This arrangement of 
front end is self-cleaning, and if a perfect fit of the deflector 
plate is made on the sides of the smokebox, and around the 
steam pipes and exhaust pipe, in connection with a perfect fit 
of the netting, there is practically a total absence of live 
sparks from the stack, as the angle of the deflector plate and 
netting, are so arranged in combination with the fire brick de- 
flector that the sparks are churned and pass out of the stack in 
small particles, or dust. An arrangement, designed by Mr. 
Turner and known as “Turner’s Front End,” practically the 
same as shown in the drawing regarding the location of deflec- 
tor plate and netting, with the exception that the exhaust noz- 
zle is carried up to within 18 inches of the inside of the smoke- 


box, is used on a number of engines on the Fitchburg Railroad, 
and also on the West Virginia Central and Pittsburg, and the 
‘Colorado and Southern Railroads, and during the past few 
months the same construction has been applied to the engines 
on the Union Pacific Railroad, displacing the diamond stack, 
which for years has been their standard. A number of other 
roads are fitting up trial engines, and we believe it is only a 
‘Question of a very short time when the short self-cleaning front 
end will be generally adopted as the best practice. The example 
here shown is considered by many to be the best so far de- 
vised. Both arrangements, the high nozzle and the low nozzle 
with the telescopic pipe, have been found to work satisfactorily, 
but to meet the present conditions of large boilers, with rela- 
tively short*smokestacks, the latter arrangement gives the best 
Tesults., 

The advantages of the short front end are summed up as fol- 
lows: Reduction in length of smokebox and discarding the 
‘Spark hopper; increased vacuum; larger exhaust tip openings; 
decrease in back pressure; saving in fuel; better results in car- 
ing for bottom steam pipe joints and bolts; greater durability 
| f cylinder saddle strengthening sheet and saddle bolts, also the 
on ‘ . 


front end ring and door will not burn and warp. With the self- 
cleaning front end there is no delay on the road caused by 
s.iopping to clean the front end, and no cleaning is necessary 
at terminals; consequently dust and sparks are prevented from 
getting into the truck boxes and blowing over the locomotive 
and machinery. Further and very important advantages are 
the prevention of fires along the road, and reduction of the 
weight carried on engine trucks. 





Mr. W. D. Lowery, Superintendent of the car department of 
the Missouri Pacific at Fort Scott, hds been appointed Chief 
of the department for the entire system. 





Remarkably good records for economy have been made by 
ships built and tested last year for the English Navy. Trials 
at one-fifth power showed that seven ships gave less than 
1.9 pound of coal per indicated horse power per hour, and the 
lowest of the lot—the “Amphitrite’—gave 1.54 pounds. 





Anelectric motor connected directly to a Bement-Miles boring 
and turning mill, as recently described in “The Iron Age,” 
makes it possible to do away with 70 feet of countershafts, 8 
belts, 14 pulleys and 2 cone pulleysy which would be required 
under the belting system. 





A satisfactory and unexpected use has been discovered for old 
spiral car springs. It has been found that these often contain 
enough carbon to permit of making good cold chisels. The 
forging into the necessary form is easy, and-the additional 
carbon required may be applied by a homemade cementation 
process. The experiment has been tried and chisels, made of 
old springs, issued to the shops without informing the men 
that they were different from the usual high-priced material, 
and the absence of criticism proved that they were satisfac- 
tory. Those made in this way cost one-half as much as the 
high grades of steel formerly considered necessary. 





At the session of the American Railway Association held 
in Chicago on April 25 the executive committee called atten- 
tion to the fact that after August 1, 1900, it will be unlawful 
to haul cars in inter-state traffic unless they shall be equipped 
with automatic couplers. In order to prevent possible em- 
barrassment in the movement of traffic at that time, the asso- 
ciation adopted the following resolution: Resolved, That after 
June 1, 1900, no car not equipped with automatic couplers, 
whether belonging to a railway company or to private owners, 
shall be loaded except in the direction of home; and that 
from that date all such cars shall be returned so as to reach 
their owners before August 1, 1900. 





A large duplex air compressor has been ordered of the New 
York Air Compressor Company, to be used in connection with 
the Standard Railway Signal Company’s installation on the 
New York Central & Hudson River Railroad. This machine 
is the first of two to be located in the handsome engine room 
of the Grand Central Station, New York. “ia 
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Duplex, Vauclain Compound for Heavy Grade Service, Baldwin Locomotive Works, Builders. 


DUPLEX COMPOUND LOCOMOTIVE FOR SEVEN PER 
CENT. GRADES. 


By the Baldwin Locomotive Works. 





An interesting duplex compound locomotive has just been 
completed by the Baldwin Locomotive Works for the McCloud 
River Railroad, situated in northern California and extending 
from Upland on the San Francisco & Portland Division of the 
Southern Pacific, to McCloud, a distance of 18 miles. The 
country is mountainous and the requirements included capac- 
ity to haul 125 tons, exclusive of the locomotive, up 7 per 
cent. grades and around curves of 190 ‘feet radius, without 
exceeding a weight of 644 tons on each pair of driving wheels. 
It was decided that these conditions would be met most satis- 
factorily by a duplex locomotive, which is virtually two com- 
plete six-coupled locomotives. coupled,. back to back, with 
flexible connections between them to permit of passing curves 
of short radius. The throttle and reversing gear is so arranged 
that the two engines are operated as one, and they may be 
handled by the engineer at his place in either engine. The 
water tanks are upon the right-hand sides and the wood 
racks upon the left-hand sides of both boilers. This construc- 
tion has a number of advantages over the Fairlie type, among 
them being the avoidance of flexible steam pipe joints and the 
long exposed steam pipes. The following table gives weights 
and dimensions: 


General Dimensions. 


I a a Rouen vas'y wc dale niece dds odiweal 
Cylinders, diameter, high pressure t 
cylinders, diameter, low pPressure,...............cc cece ee eees 





ee er S ka ts chives 65s’ X'v's cdb0 cvs ekouawodscaberboud 0 
Meek paws kha dvew nese Nc apaabewiacseceseiedeetie 

BN NSESESISSES CTE REPT NE SOE PDP TRD, PPORTET RD 46 in. 
ee INN OBE SATO oso 3 Fos sw knie.cisse ces voces seb unsete chacso¥e % in. 
I ROININUR ING og, 6515 (5s Wie nc osc k Gino bck oc nod odGebcccnyewes discon 200 Ibs. 
cn eS es Sead in Gs bol nein oath uch och ebeanea oncne by hme 
Nee a ae a osc w owiv'e;s om vin s hich wow biawieeas e) 
ig eek aes oda a co. bieb pipe « bc'su cbt 53 jie in. 
Uns ia, bake hs ua cee subv ade aets podvebseeecrbsseccsegheec 3436 in. 
a las bk eG bie vn G4 so0e c's se cbacceiveaaesescuneks 59 mm. 
Firebox, NING: OE NOOO: MIMO eso. sce o cceed cn cy eeauen cues 5/16 in. 
Firebox, thickness of I 55s casino: Cacigies caseue 5/16 in. 
Firebox, thickness of sheets, Dos oc noup cacwcusecticenaceseepecs % i 
Firebox, thickness of sheets, tube...... ic gikawevbseien., ba coeuceawetee % oy 
LG La 0s wa Bie dig Dua nia io'v 0 eins puasee gap bets saan taba onnions 136 
Tubes, I ey. Ss naan ok pa cis wins ode cinch sheneaseeeaann 2 in. 
re DS Cec ca a5 bn ph ie Vs Caisse baasibocd coapapeters 12 ft. 9 in, 
IEE, TUOTIO So. coc ce cn cv deve vecebuseeasdeecdnseetes 148 sq. ft. 
Pepa RAITT OOS, TUDES. .. 06.6... 6c cede cess ce ceerccccewsenes 1,804 sq. f*. 
ns say se chm bab aseebsebsuccesvi-nsseaawa 1,952 sq. ft. 
Neen ee a hs pwbneeetedvecsatkeee ene 26 sq. ft. 
Driving wheels, diameter outside ................... cece eee cnee cess “ ~ 
Driving wheels, diameter of center..................ccceeeaseneseeges 
Driving wheels, CU oe Seah ae a sk Os in bie clnin'e pn bbs 6G 6% in. by : in 
eee eck becca bsN ete decstbooes¥ clecseeeends 9 ft. 9 in, 
eS ss ce bebe Mancede 4AbKEAS Hue o REKS LENCO UO 38 . 4 in. 
NIN Sh a iets nans 4a msn dabis.cinntanbacae soins veal ee Ans 161,400 Ibs. 
Neen eT ce a Vad pond che span sind pau OAR 161,400 Ibs. 
BN et Rie oa ag bhah ba ¥ pacgmiee es bk s vss c tn sad veupabayers 2,400 gals. 








Mr. J. W. Duntley, President of the Chicago Pneumatic Tool 
Co., cables from Europe as follows: “I have to report fresh 
orders for 1,000 tools.” 


Locomotive tenders have been considered as merely tanks 
on wheels, and it is only recently that attention has been 
attracted to the possibilities for improvement. Mr. Forsyth 
has brought together a number of recent designs in his article 
in this issue and among the noteworthy features the method 
of standardizing on the New York Central seems to be par- 
ticularly important. There is no reason why the same tender 
should not be equally well adapted to freight and passenger 
service and it may be very convenient. and economical to be 
able to interchange tenders and the saving in repair stock 
will be large. This idea is broad. It is a good one to start 
and, we might say, a good one to continue indefinitely. Ob- 
jections are often raised to standards of construction. because 
they are believed to check and even limit improvement. If 
standard construction is adhered to indefinitely without regard 
to contemporary progress, it may have that effect, but the un- 
derlying idea of standards as viewed by those who obtain 
tue best results from them is to decide upon them with such 
care that when completed they represent the best methods 
for dealing with present problems. New conditions require 
new standards, and the best development is that which com- 
bines advancement with uniform construction. There seems 
to be a growing tendency in this direction. 





“Grosser Kurfiirst,” the new twin screw steamship, is the 
latest addition to the Norddeutscher Lloyd fleet. This steamer, 
which is the twenty-ninth new steamship placed into service 
by this line in the past 9 years, was built in the yards of 
Schichau, in Danzig, Germany. She is very wide of beam, has 
enormous freight and carrying capacity, and the passenger ac- 
commodations are all in the superstructure amidships, so that 
all of, the staterooms are light and cheerful. The decorations of 
the dining-room, vestibule, smoking and drawing rooms are 
very artistic, and the ship as a whole is a model of German 
naval architecture. The general dimensions of the “Grosser 
Kurfiirst” are as follows: Length over all, 581 feet 6 inches; 
beam, 62 feet; depth, 39 feet. The steamer is of 12,200 tons 
register, has a displacement of 22,000 tons and acapacity of 12, 
000 tons dead weight. Her motive power consists of 2 quadruple 
expansion engines of 8,000 indicated horse-power each. Steam 
is generated by 7 cylindrical boilers, 5 of which are double and 
2 single, with natural draft. The heating surface of the 
boilers is 26,000 square feet, the grate surface in 36 furnaces is 
700 square feet, and the steam pressure is 213 pounds. The 
“Grosser Kurfiirst” made her maiden trip May 16 to New 
York, and will be placed immediately in the service between 
Bremen and New York. 









Mr. R. F. Hoffman, Mechanical Engineer of the Santa Fe, as 
resigned to accept a position on the editorial staff of ‘he 
“Railroad Gazette.” He will be located in New York City. 
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Richmond 10-Wheel Locomotive for Sweden. 


TEN-WHEEL LOCOMOTIVES FOR SWEDEN. 





Ystad Eslof Railway. 





By the Richmond Locomotive Works. 

Three ten-wheel locomotives with 16% by 24 inch cylinders 
have just been shipped by the Richmond Locomotive Works 
to the Ystad Eslof Railway, one of the private roads of Swe- 
den. The design, with the exception of such details as the 
smokebox door, the snow plow, English vacuum brake and 
copper firebox and staybolts, is in accordance with American 
practice, which was expressly desired by the officers of the 
road. Belpaire fireboxes, straight boilers, six-wheel tenders 
and the arrangement of the cab to place the engineer on the 
left-hand side, are the chief features in the design. The con- 
struction was superintended by Mr. D. Olsen, Mechanical En- 














Front View of Swedish 10-Wheel Locomot ve. 


Sineer of the road. The dimensions are given in the following 
table: 


General Dimensions. 


Hauge pe a ER RoE Pe OPE SE BaP Be eRe SORE RR 4 ft. 8% in. 
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Rear View of Swedish 10-Wheel Locomotive. 


Cylinders 
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Boiler. 
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Firebox, stay bolts.. hollow copper 


...Charcoal iron 
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TRACTIVE POWER OF TWO-CYLINDEX COMPOUNDS.— 
CORRECTIONS, 





Attention is called by Mr. C. J. Mellin, Chief Engineer of the 
Richmond Locomotive Works, to two errors in the article by 
him printed on page 152 of our May number. The second 
formula should read 

P (1+ hyp. log N) 


1— 





— 15 instead of 


N 
P + hyp. log N 
N 


given in the article. The application of the formula at the 
end of the article, however, is correct. 

In the diagram on page 152 the left-hand arrowhead on the 
upper line indicating A-+a(b—f) should have been at the 
high-pressure compression line, or from the same point as 
that of the line next below it indicating ac + a (b—f). 

Also in the reproduction of the third formula in the exam- 
ple at the foot of the column there are several errors in the 
a@P:. S$ di’? P: § 

For T=—=————- read T = ———_- 

2d 2D 





— 15 as 


letters. 








ELECTRIC CAR LIGHTING. 





In no branch of passenger car equipment has there been such 
marked improvement in the past few years as in car lighting. 
After many years of experimenting, a system of electric car 
lighting was finally evolved and put into practical utility by 
several different companies. This system is known as the 
“Axle Light” system, which embodies a simple, independent and 
complete electric car lighting equipment for each car. The elec- 
tricity for the incandescent lights in the car is generated from 
the axle while the car is in motion, and is supplied from a stor- 
age battery beneath the car when it is stationary. It is not the 
present intention to enter into a technical description of the 
mechanism of electric car lighting equipment, we have already 
done this, but rather to bring to the attention of the members 
of the Master Car Builders’ and the Master Mechanics’ Asso- 
ciations the rapid progress that has recently been made in 
the introduction and successful operation of this system of car 
lighting on the passenger coaches of leading railways. The 
various companies that have for several years been engaged in 
the manufacture and sale of electric car lighting equipment, 
have, in the past few months, been merged into the Consolj_ 


dated Railway Electric_ Lighting and Equipment Company, 
with offices at 100 Broadway, New York City, and factories in 
New York and Connecticut. This company is capitalized for 
$16,000,000, and has among its stockholders many of the largest 
and most influential financiers in New York City: Its Vice- 
President and General Manager, Mr. Jno. N. Abbott, is widely 
known among railway officials, having been for many years the 
General Passenger Agent of the Erie Railroad, and subse- 
quently, for several years, Chairman of the Western Passenger 
Association in Chicago. This consolidated company is now 
equipping the passenger coaches of several leading railways 
with its system of electric lights and fans, and in every in- 
stance the system is reported to be giving entire satisfaction to 
the managements. The system is automatic, and the cost of 
maintenance per car per annum is small, while the superiority 
of incandescent electric lights over oil lamps and gas of any 
kind is universally conceded. This company will have one of 
its complete electric car lighting equipments, including the use 
of electric fans, as applied to a passenger coach or private car, 
on exhibition at Saratoga during the conventions and the mem- 
bers of the associations are invited to visit the car and make 
a thorough inspection and test of the equipment. 








PNEUMATIC TOOL LITIGATION. 





The Chicago Pneumatic Tool Co. has filed suit against the 
Philadelphia Pneumatic Tool Co. and the Keller Tool Co., of 
Philadelphia, in the United States Court of Philadelphia for in- 
fringement of the Boyer patents, and in order that “ users of 
pneumatic tools may protect themselves against such infringe- 
ment” we are requested to print this statement from the Chicago 
Pneumatic Tool Co.: “These parties have copied our. Boyer tools 
and infringed our patents, and this step is taken to protect our 


interests under the Boyer patents. We shall follow this suit 
with like suits against all infringing tools copied after our 
Boyer tools.” 








The New York, Ontario & Western Railroad Company has 
recently installed in its shops a duplex steam driven air com- 
pressor built by the New York Air Compressor Company. 





The Standard Railway Equipment Company have moved their 
New York office from 95 Liberty street to the Beard Building, 122 
Liberty street. 





The Ingersoll-Sergeant Drill Company, New York, had all 
its air compressors at the Paris Exposition erected and ready 
to run on the opening day, being the first American exhibitor 
to operate, and the first exhibitor from any country to run its 
exhibit by steam. Mr. John J. Swann, late Associate Editor of 
Engineering News, is in charge of this exhibit. 





The Chicago Pneumatic. Tool Co. are preparing to give an 
elaborate exhibit of their pneumatic applianees, at the conven- 
tion of the Master Mechanics and Master Car Builders’ Asso- 
ciations to be held in Saratoga in June. Mr. J. W. Duntley, 
president of the company, who has been traveling in Europe 
the past several months on business of the company, will re- 
turn to the United States in time to attend the Saratoga con- 
ventions. The Chicago Pneumatic Tool Co. are making a very 
extensive display of their products at the Paris Exposition. 





In one of the shops of the United States Cast Iron Pipe and 
Foundry Co., Cincinnati, Ohio, the company has fitted up 4 
room with drawing tables, boards and T-squares as a study 
room for the use of a number of its employees who are students 
of the International Correspondence ‘Schools, Scranton, Pa. 


The class, which numbers about fifty men and includes the 


general manager, studies on “company time’ and is supplied 
with drawing paper by the firm. All promotions in the shops 
will hereafter be made from students of this class. 





Leather belts have done faithful service the world over for 
many years, and while the desirability of caring for them — 
been appreciated, it required the spur of the present pressure 0 
competition and effort to get from each machine its maximum 
output to bring to this subject the attention it deserved. manong 
several preparations for restoring to the leather the mature’ 
elements required to support its life and increase the pei 
hold of the belt on the pulley is the “Talismaniec Belt Clinch. 
It is prepared for the purpose of increasing the life, eee it 
and capacity of leather belts. The manufacturers say t gee 
contains nothing injurious. They also furnish facing’ ie 
rubber belts and a rope and cordage preserver. The ey c 
Company may be addressed at 485 Main Street, Buffalo, Be. 
95 William Street, New York, and9 Arch Street, Boston, ss. 





